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TRANSGENIC Mammals Havinc Humam Ig Loci Wc umiNc Plubai. 

Y k and V. REGIONS AND ANTIBODIES PRODUCED THEREFROM 



FIELD OF THE INVENTTON 
The present invention idates to transgaoic non-human animals that are engineered to contain 
human immunoglobulin gene loci. In particular, animals in accordance vnth the invention possess 
human Ig lod that indude plural variable (Vh and Vk) gene regions. Advantageously, the inclusion 
of plural variable region genes enhances the specificity and diversity of human antibodies produced 
by the animal. Further, the inchjson of such regions enhances and reconstitutes B-cell development 
to the animals, such that the animals possess abundant mature B-cells secreting extremely high afSnity 
antibodies. 

BACKGROUND OF T HE TECHNOI.Or.Y 

The ability to clone and reconstract megabase-sized human loci in YACs and to introduce 
them into the mouse getmline provides a powerfiil approach to ducidating the functional components 
of very large or wudely mapped lod as wdl as generating usefiji models of human disease. 
Furthermore, the utilization of such technology for substitution of mouse loci with their human 
equivalents could provide unique insights into the expression and regulation of human gene products 
during development, their communication with other systems, and their involvement in disease 
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i" of the mouse 

humoral immune system. Introd.'Ction of human immunoglobulin (Ig) loci into mice in which 'he 
endogenous Ig genes have been inactivated offers the opportunity to study of the mechanisms 
" underlying programmed expression and assembly of antibodies as well as their role in B-cell 
developniciit. Furthermore, such a strategy could provide an ideal source for production of fully 
human monoclonal antibodies (Mabs) - an important milestone towards fijlfilling the promise of 
antibody therapy in human disease. Fully human antibodies are expected to minimize the 



increase the eSatcy and safety of the administered antibodies. The use of fiilly human antibodies can 
be expected to provide a substantial advantage in the treatment of chronic and recuning human 
diseases, such as inflammation, autoimmunity, and cancer, ■wiiich require repeated antibody 



One approach towards this goal was to engineer mouse strains deficient in mouse antibody 
production with large fragments of the human Ig loci in anticipation that such mice would produce 
a large repertoire of human antibodies in the absence of mouse antibodies. Large human Ig fragments 
would preserve the large variable gene diversity as well as the proper regulation of antibody 
production and expression. By exploiting the mouse machinery for antibody diversification and 
selection and the lack of immunological tolerance to human proteins, the reproduced human antibody 
repertoire in these mouse strains should yield high affinity antibodies against any antigen of interest, 
including human antigens. Using the hj^tidoma technology, antigen-specific human Mabs with the 
desired specificity could be readily produced and selected. 

This general strategy was demonstrated in connection with our generation of the first 
XenoMouse™ strains as published in 1994. &e Green etal. Nature Genetics 7:13-21 (1994). The 
XenoMouse™ strains were engineered with 245 kb and 190 kb-sized germline configuiation 
fragments of the human heavy chain loci and kappa light chain lod, respectively, which contained 
core variable and constant region sequences. Id The human Ig containing yeast artifid^ 
chromosomes (YACs) proved to be compatible with the mouse ^em for both reairangeraent and 
expresaon of antibodies, and were capable of substituting for the inactivated mouse Ig genes. This 
was demonstrated by tiieir ability to induce B-cell development and to produce an adult-like human 
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repertoire of Silly human antibodies and to generate antigen-speciiic human Mabs. These results also 
suggested that introduction of larger portions of the human Ig loci containing greater numbers of V 
genes, additiona] regulatory dements, and human Ig constant regions might recapitulate substantially 
the fiill repettou^ that is characteristic of the human humoral response to infection and immunization. 

Such approach is further discussed and delineated in U.S. Patent Application Serial Nos. 
07/466,008, filed January 12, 1990, 07/610,515, filed November 8, 1990, 07/919.297, filed July 24, 
1992, 07/922,649, filed July 30, 1992, filed 08/031,801, filed Match 15,1993, 08/112,848, filed 
August 27, 1993, 08/234,145, filed 28, 1994, 08/376,279, filed January 20, 1995,08/430.938, 
Apra 27. 1995. 08/464,584, filed June 5, 1995, 08/464.582, filed June 5, 1995, 08/463,191, filed June 
5, 1995, 08/462,837, filed June 5, 1995. 08/486,853, filed June 5, 1995, 08/486,857, filed June 5. 
1995, 08/486,859, filed June 5, 1995, 08/462,513, filed June 5. 1995, and 08/724,752, filed October 
2, 1996. See also European Patent No., EP 0 463 151 Bl, grant published June 12, 1996, 
International Patent Application No., WO 94/02602, published February 3, 1 994, International Patent 
Application No., WO 96/34096. published October 31, 1996, and PCT Application No. 
PCT/US96/0S928, filed April 29, 1996. The disclosures of each of the above-cited patents and 
applications are hereby incorporated by refinmce in their entirety. 

In an alternative approach, others, inchiding GenPhaim International, Inc., hove utilized a 
"mmilocus" approach. In the minilocus approach, an exogenous Ig locus is mimicked through the 
inclusion of pieces (individual genes) fi-om the Ig locus. Thus, one or more V(, genes, one or more 
D„ genes, one or more Jh genes, a mu constant region, and a second constant region (preferably a 
gamma constant region) are formed into a construct for insertion into an animal. This approach is 
described in U.S. Patent No. 5,545,807 to Surani et al. and U.S. Patent Nos. 5,545,806 and 
5,625,825, both to Lonberg and Kay. and GenPharm International U.S. Patent Application Seiial 
Nos. 07/574,748, filed August 29. 1990. 07/575,962, filed August 31, 1990, 07/810.279. filed 
December 17, 1991. 07/853,408, filed March 18, 1992, 07/904,068. filed June 23, 1992, 07/990,860, 
filed December 16, 1992, 08/053,131, filed April 26, 1993, 08/096,762, filed July 22, 1993, 
08/155.301. filed November 18, 1993, 08/161,739, filed December 3, 1993. 08/165,699, filed 
December 10, 1993, 08/209,741, filed Match 9, IQ94, the disdosures of which are herd>y 
incorporated by reference. See also International Patent Application Nos. WO 94/25585, published 
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November 10, 1994. WO 93/12227, published June 24, 1993, WO 92/22645, published December 
23, 1992, WO 92/03918, published March 19, 1992, the disdosuies of which are hereby incorporated 
by reference in their entirety. &e>rtter Taylor etal., 1992, Chen et al., 1993, Tuaillon et al., 1993, 
• Choi et al., 1993, Lonberg et al., (1994), Taylor et al., (1994), and Tuaillon et al., (1995), the 
S disclosures of wMch are hereby incorporated by reference in their entirety. 

The mventors of Surani et al., dted above, and assigned to the Medical Research Counsel (the 
"MRC"), produced a transgenic mouse possessing an Ig locus through use of the minilocus approach. 
The inventors on the GenPhann International work, cited above, Lonberg and Kay, following the lead 
of the present inventors, proposed inactivation of the endogenous mouse Ig locus coupled with 
1 0 substantial duplication of the Surani et al. work. 

An advantage of the minilocus approach is the rapidity with which constructs including 
ponions of the Ig locus can be generated and introduced into animals. Commensurately, however, 
a significant disadvantage of the minilocus approach is that, in theory, insufficient diversity is 
introduced through the inclusion of small numbers of V, D, and J genes. Indeed, the published work 
1 5 appears to support this concern, B-cell development and amibody production of animals produced 
through use of the minilocus approach appear stumed. Therefore, the present inventors have 
consistently urged introduction of large portions of the Ig locus in order to achieve greater diversity 
and in an effort to reconstitute the immune repertoire of the animals. 

Accordingly, It would be desirable to provide transgenic animals containing more complete 
20 genmline sequences and configuration of the human Ig locus. It would be additionally desirable to 
provide such locus against a knockout background of endogenous Ig. 

Summary of the lim:isTioN 
Provided in accordance with the present invention are transgenic animals having a near 
25 complete human Ig locus, including both a human heavy chain locus and a human kappa light chain 
locus. Preferably, the heavy chain locus includes greater than about 20%, more preferably greater 
than about 40%, more preferably greater than about 50%, and even more preferably greater than 
about 60% of the human heavy chain variable region. In connection with the human kappa light 
chain, preferably, the locus includes greater than about 20%, more preferably greater than about 40%, 
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more preferably greater than about 50%, and even more preferably greater than about 60% of the 
human kappa light chain variable region. Such percentages preferably refer to percentages of 
&nctional vaiiabie region genes. 

Further, preferably such animals include the entire D„ region, the entire Jh region, the human 
5 mu constant region, and can additionally be equipped with genes encoding other human constant 
regions for the generation of additional isotypes. Such isotypes can include genes encoding 7,, y^, 
Yj, a, 6, P, and other constant region encoding genes. Alternative constant regions can be included 
on the same transgene, i.e., downstream from the human mu constant region, or, alternatively, such 
other constant regions can be included on another chromosome. It will be appreciated that where 

10 such other constant r^ions are included on the same chromosome as the chromosome includiiig the 
human mu constant legion encoding transgene, cis-switching to the other isotype or isotypes can be 
accomplished. On the other hand, where such other constant region is included on a diffetem 
chromosome from the chromosome containing the mu constant region encoding transgene, trans- 
switching to the other isotype or isotypes can be accomplished. Such arrangement allows tremendous 

1 5 flexibility in the design and construction of mice for the generation of antibodies to a wide array of 
antigens. 

Preferably, such mice additionally do not produce fimctional endogenous Immunoglobulins. 
This is accomplished in a preferred embodiment through the inactivation (or knocking out) of 
endogenous heavy and Ught chain loci. For example, in a preferred embodiment, the mouse heavy 

20 chain J-regkxi and mouse kappa light chain J-region and C.-region are inactivated through utilization 
of homologous recombination vectors that replace or delete the region. Such techniques are 
described in detail m our earlier applications and publications. 

Unexpectedly, transgenic mice in accordance with the invention appear to possess an almost 
emirely reconstituted immune system repertoire. This is dramatically demonstrated when four 

25 separate mouse strains are compared: a first strain contains extenave human heavy chain variable 
Kfftm and human kappa light cham variable regions and encodes only a mu isotype, a second strain 
contans exteiiave human heavy chain variable regions and human kappa light chain variable regions 
and encodes a mu and gamma-2 isotypes, a third strain contains sigtuficantly less human heavy and 
k^a light chain variable regions, and a fourth strain contains a double-inactivated mouse Ig locus. 
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The first and second strains undergo similar, if not identical, B-cell developnient, whereas the third 
strain has a reduced development and maturation of B-ceOs, and the fourth strain contains no mature 
B-cells. Further, it is interesting to note that production of human antibodies in preference to mouse 
' antibodies is substantially elevated in mice having a knock-out background of endogenous Ig. That 
5 is to say that mice that contain a human Ig locus and a functionally inactivated endogenous Ig 
produce human antibodies at a rate of approximately 100 to 1 000 fold as efficiently as mice that 
contain only a human Ig loois. 

Thus, in accordance with a first aspea of the present invention there is provided a transgenic 
non-human mammal having a genome, the genome comprismg modifications, the modifications 
1 0 ecanprising: an inactivated endogenous immunt^^obulin (Ig) locus, sudi that the mammal would not 
display normal B-cell development; an inserted human heavy chain Ig locus in substantially germline 
configuration, the human heavy chain Ig locus comprisii^ a human mu constant region and regulatory 
and switch sequences thereto, a plurality of human Jh genes, a plurality of human Dh genes, and a 
plurality of human Vh genes; and an inserted human kappa light chain Ig locus in substantially 

15 germline configuration, the human kappa light diain Ig locus comprising a human kappa constant 
region, a plurality of Jk genes, and a plurality of Vk genes, wherein the number of Vh and Vk genes 
inserted are selected to substantially restore normal B-cdl development in the mammal. In a preferred 
embodiment, the heavy chain Ig locus comprises a second constant region selected fi-om the group 
consistiiig of human gamma-1, human gamma-2, human gamma-3, human gamma-4, alpha, delta, and 

20 epsilon. In another preferred embodiment, the number of Vh genes is greater than about 20. In 
another preferred embodiment, the number of Vk genes is greater than about IS. In another 
preferred embodiment, the number of D„ genes is greater than about 25, the number of genes is 
greater than about 4, the number of V„ genes is greater than about 20, the number of Jk genes is 
greater than about 4, and the number of Vk genes is greater than about 15. In another preferred 

25 embodiment, the number of D„ genes, the number of Jh genes, the number of V„ genes, the number 
of Jk genes, and the number of Vk genes are selected such that the Ig loci are capable of encoding 
greater than about 1 x 10' different fiinctional antibody sequence combinations. In a preferred 
embodiment, in a population of mammals B-cdl function is reconstituted on average to greater than 
about 50% as compared to wild type. 
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In accordance with a second aspect of the present invention there is provided an improved 
transgenic non-human mammal having a genome thst comprises modifications, the -lodifications 
rendering the mammal capable of produrang human immwioglobulin molecules but substantially 
* incapable of producing fimctional endogenous immunoglobulin molecules, the improvement 
comprising: insertion into the genome of the mammal of sufficient human Vh, D„, Jh, Vk, and Jk 
genes such that the mammal is capable encoding greater than about 1 x iC differem functional human 
immunoglobulin sequence combinations. 

In accordance with a third aspect of the present invention, there is provided an improved 
transgenic non-human mammal having a genome that comprises modifications, the modifications 
rendering the mammal capable of producing human immunoglobulin molecules but substantially 
incapable of producing fimctional endogenous immunoglobulm molecules, which modifications, with 
respect to the mammal's incapacity to produce fimctional endogenous immunoglobulin molecules 
would not allow the mammal to display normal B-celi development, the improvement comprising: 
insertion into the genome of the mammal of sufficient human V„, D„, Jh, Vk, and Jk genes such that 
the mammal is capable of encoding greater than about 1x10' different fimctional human 
immunoglobulin sequence combinations and sufficient V„ and Vk genes to substantially restore 
nomial B-cell development in the mammal. In a preferred embodiment, m a popuUtion of mammals 
B-cell fiinction is reconstituted on average to greater than about 50% as compared to wild type. 

In accordance with a fourth aspect of the presem invention, there is provided a transgenic 
non-human mammal having a genome, the genome comprising modifications, the modifications 
comprising: an inactivated endogenous heavy chain immunoglobulin (Ig) locus; an inactivated 
endogenous kappa light chain Ig locus; an insened human heavy chain Ig locus, tiie human heavy 
chain Ig locus comprising a nucleotide sequence substantially corresponding to the nucleotide 
sequence of yH2; and an inserted human kappa light chain Ig locus, the human kappa tight chain Ig 
locus comprising a nucleotide sequence substantially corresponding to Ae nucleotide sequoice of 
yK2. 

In accordance witii a fifth aspect of the present invention there is provided a transgenic non- 
human mammal having a genome, the genome comprising modifications, the modifications 
comprising: an inactivated endogenous heavy chain immunoglubulm Og) locus; an inserted human 
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heavy chain Ig locus, the human heavy chain Ig locus comprising a nucleotide sequence substantially 
corresponding to the nuH-iotide sequence of yH2; and an inserted human k^pa Ught chain Ig locus, 
the human kappa light chain Ig locus comprising a nucleotide sequence substantially corresponding 

• to the nucleotide sequence of yK2. 

In accordance with a sixth aspect of the present invention, there is provided a transgenic non- 
human mammal having a genome, the genome comprising modifications, the modifications 
comprising: an inactivated endogenous heavy chain immunoglufaulin (Ig) locus; an inactivated 
endogenous kappa fight chain Ig locus; an inserted human heavy chain Ig locus, the human heavy 
chain Ig locus compiising a nucleotide sequence substantially corresponding to the nucleotide 
sequence of yH2 vnthout the presence of a human gamma-2 constant region; and an inserted human 
kappa Ught chain Ig locus, the human k^jpa light chain Ig locus compiising a nucleotide sequence 
substantially corresponding to the nucleotide sequence of yK2. 

I n accordance with a seventh aspect of the present invention, there is providedV. 
transgenic non-human mammal having a genome, the genome comprising modifications, the 
modificatfons comprising: an inactivated endogenous heavy chain immunoglubulin (Ig) locus; an 
Inserted human heavy chain Ig locus, the human heavy chain Ig locus comprising a nucleotide 
sequence substantially corresponding to the nucleotide sequence of yH2 without the presence of a 
human gamma-2 constant r^on; and an inserted human kappa light chain Ig locus, the human k^a 

light chain Ig locus comprising a nucleotide sequence substantially corresponding to the nucleotide 

sequence of yK2. 

In accordance with an eighth aspect of the present invention, there is provided a method for 
the production of human antibodies, comprising: inoculating any of the mammals of the first through 
fifth aspects of the invention discussed above with an antigen; collecting and immortalizmg 
bmphocytic cells to obtain an immortal cell population secreting human antibodies that specifically 
bind to the antigen with an aflBnity of great» than IC M"'; and isolating the antibodies fitjm the 
immortal cell populations. 

In a prefianed embodiment, the antigen is 0,-8. In another preferred embodiment, the antigen 
is EGFR. In another prefen«l embodiment, the antigen is TNF-o. 

In accordance with a ninth aspect of the present invention, there is provided an antibody 
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produced by the method of the sixth aspect of the iijveiition, induding antibodies to IL-8, EGFR, and 
TNF-o. 

In accordance with a tenth aspect of the present invention, there is provided an improved 
method for the production of transgenic mice, the transgenic mice having a genome, the genome 
comprising modifications, the modifications comprising insertion of a plurality of human variable 
regions, the improvement comprising: insertion of the human variable regions ftom a yeast artificial 

In accordance with an eleventh aspea of the present invention, there are provided transgenic 



aspect of the present invention. 

In accordance with a twelflh aspect of tiie present invention, there is provided a transgenic 

mammal, the transgenic mammai comprising a genome, the genome comprising modifications, the 
modiiications comprising an inserted human heavy chain immunoglobulin transgene, the improvement 
comprising: the transgene comprising selected sets of human variable region genes that enable 
human-like junctional diveraty and human-like complementarity determining region 3 (CDR3) 
lengths. In a preferred embodiment, the human-like junctional diversity comprises average N-addition 
lengths of 7.7 bases. In another preferred embodiment, the human-like CDR3 lengths comprise 
between about 2 through about 25 residues with an average of about 14 residues. 



kappa light chain loci YACs introduced into preferred mice in accordance with the invention. YACs 
spanning the human heavy chain (IH, 2H, 3H, and 4H) and the human kappa light chain proximal 
(IK, 2K, and 3K) loci were cloned from human -YAC libraries. The locations of the different YACs 
with respect to the human Ig loci (adopted fi-om Cook and Tomlinson. 1995, and Cox et al., 1994), 
their sizes, and non-Ig sequences are indicated (not shown to scale). The YACs were recomWned 
into yeast in a two-step procedure {see Materials and Methods) to reconstruct the human heavy and 
kqipa fight chain YACs. yH2, the human heavy chain containing YAC, was fijrther retrofitted wth 
a human Yi gene sequence. j«2,vras the human kappa light chain contaning YAC. The YAC vector 




lie of&pring therefix>m produced through use of the improvement of the eighth 



BRIEF DESCRIPTION OFTHF nRAWINC Fir.llWFS 

Figure 1 is a schematic representation of the reconstructed human 1 
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elements: telomere A, centromere mamnialian (HPRT, Neo) and yeast selectable maikeis 
(TRPl, ADE2, LYS2, IJEU2, IIRA3, fflS3) on the YAC vector ams are indicated. V„ seg-wnts 
are classified as genes with open reading frame », pseudogenes □, and unsequenced genes O. V, 
segments are classified as genes with open reading frames •. and pseudogenes □. The V genes that 
we havi, found to be utilized by the XenoMouse D are marked (•). The V„ gene region contained 
on yH2 is marked by arrows. 

Figure 2 is a series of Southern Blot analyses and characterizations of the human heavy chain 
YAC, yH2. integrated in ES cells and in XenoMouse strains. Figure 2a is a series of Southern Blot 
analyses of EcoRI (a, c) and BamHI (b. d, e) digested DNA (2|ig) prepared from the CCMl 
immortalized B-Iymphoblast ceU line derived fiTjm the Washmgton University YAC libiaiy source 
(Brownstem et ai., 1989), yH2 YAC (0.5 fig YAC added to 2 |ig of 3B1 DNA), unmodified 
E14TG.3B1 (381), and yH2-containing ES ceD lines: LIO, J9.2, L18, L17, and J17. The probes used 
for blottmg were human V^l (a), D„ (b) [18 kb fragment in CGMl lane represents D segments on 
chromosome 16], Vh3 (c), C^i (d) and J„ (e). Figure 2b is a series of Southern Blot analyses of 
EcoRI (a-b) and BamHI (c-d) digested DNA (10 ng) that was prepared from the tails of wildtype 
(WT, 129xB57BL/6J), XM2A-1, and XM2A-2 (2 individual ofispring) mice or from the paremal 
yH2-containing ES ceU lines LIO (sligjitly underloaded relative to other samples). J9.2, and 
yK2-containing ES cell Ime J23. 1 . The probes used were human VhI (a), V,^ (b), human Y-2 (c), 
and mouse 3'-enhancer (d, the 5kb band represents the endogenous mouse 3'-enhancer ftagraent). 
Fragment sizes of molecular weight markers (in kb) are indicated. 

Figure 3 is a series of Southern Blot analyses characterizing the human kappa light chain 
YAC, yK2, Integrated in ES cells and in XenoMouse 2A Strains. Figure 2a is a series of Southern 
Blot analyses of EcoRI (a, c, d) and BamHI (b, e ) digested DNA (2 ng) prepared from CGMl ceU 
line (Brownstein et al., 1989, supra), yK2 YAC (0.5 Mg YAC DNA added to 2 |ig of 3B1 DNA), 
unmodified E14TG.3B1 (3B1). and yK2.containing ES ceU lines: J23.I and J23.7. The probes used 
were human Va (a), Kde (b), (c), VJJl (d). and C. (e). Figure 2b is a series of Southern Blot 
analyses of EcoRI-digested DNA (2 pg) that was prepared from the tails of wfldtype (WT, I29xB6), 
XM2A-1, and XM2A-2 (2 individual ofBpring) mice or torn the parental yH2-containing ES cell 
fines LIO (slightfy underloaded relath* to other samples), J9.2, and yK2-contaimi« ES cell line J23. 1. 
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The probes that were used were human V,I (a), V^V (b), V.VI (c) and 3 -enhancer (d). Fragmait 
sizes of molecular weight markers Cm kb) are indicated. 

F^ure 4 shows B-ceH reconstitution and surface expression of human ^, 8, and k chains on 
' XenoMouse-daived B-cells and shows flow cytometry analysis of peripheral blood (Fig. 4a) and 
spleen (Fig. 4b) lymphocytes from wildtyps mice (WT), double inactivated mice (DI), and 
XenoMouse strains 2A-1 and 2A-2 (XM2A-1, XM2A-2). Four-color flow cytometiy analysis was 
carried out using antibodies to the B-cell-spedfic marker B220 in combination with anti-human fi, 
6, K, or mouse n, b, k, or X. The percentage of pomtiveiy-stained cells is shown in each quadrant. 
Isolation and staining of cells were performed as described in Materials and Methods. Populations 
of human k' and mouse A.* cells were determined after first gating for B22(r)t* populations in the 
indicated region. Populations of )i* and 6^ cells were determined after fird gating for B220* cells. 
The percentage of positive ceUs within a region or quadrant is indicated. The FACS profiles shown 
are representative of several experiments performed on each of the strains. 

Figure 5 shows that XenoMouse-derived human antibodies block the binding of their specific 
antigens to cells. Figure Sa shows the inUbition of labeled [I'"] IL-8 binding to human neutrtjphils 
by the mouse anti-human IL-8 antibody (R&D Systems) (□) and the fiilly human Mabs Dl. 1 (♦), 
K2.2 (•), K4.2 (A), and K4.3 (T). The background binding of labeled [I"']II^8 in the absence of 
antibody was 2657 cpm. Figure 5b shows the inhiWtion of labeled [I"']ECT to its receptors on A43 1 
cdls by mouse anti-buman EGFR antibodies 225 and S28 (□, v, respectively; Calbiochem) and the 
fully human antibodies El.l(»), E2.4 (A), E2.5 (T) and E2.1 1 (♦). The background binding of 
[I"*]EGF in the absence of antibodies was 1060 cpm. Figure 5c shows inhibition of labeled [l'^^] 
TNF-a binding to its rec^tors on U937 cells by the mouse anti-human TNF-a antibody (R&D 
Systems) (□) and fiiUy human Mabs T22.1 (♦). T22.4 (•), T22.8 (A), and T22.9 (■). The 
background binding of [I"^]TNF-a in the absence of antibody was 4010 cpm. Control human IgG} 
myeloma antibody (B). 

Figure 6 shows repertoire and somatic hypermutation in XenoMouse-derived fully human 
Mabs. Predicted amino acid sequences offourami-IL-8 (Fig. 6a) and four anti-EGFR (^g. 6b) 
human IgBjn Mabs, divided into CDRl, CDR2 and CPR3 and the constant regions, and C.. The 
D and J genes of each antibody are indicated. The amino add substitutions fi-om the geirafine 
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sequences are indicated in bold leners. 

Fignre 7 is a scliematic diagram of tlie farnnan heavy diain genome and the human Icappa liglit 
chain genome. 

Fignre 8 is another schematic diagram showing the construction of the yH2 (human heavy 
chain) YAC. 

Figure 9 is another schematic diagram showing the construction of the yK2 (human Icappa 
Ught chain) YAC. 

Figure 10 is another schematic diagram showng the construction of the yK2 (human Icappa 
light chain) YAC. 

Figure 1 1 shows a series of Southern Blot analyses demonstrating integration intact of the 
yH2 (human heavy chain) YAC into ES cells and into the mouse genome. Detailed discussion is 
provided in connection with Figure 2. 

Fignre 12 shows a series of Southern Blot analyses demonstrating integration intact of the 
yK2 (human ki^ light chain) YAC into ES ceUs and into the mouse genome. Detailed discussion 
is provided in connection vnth Figure 3. 

Fl^re 13 shows B-ceU reconstitution and sur&ce expression of hjtnan |i, 5, and k chams and 
mouse X chains on XenoMouse-derived B-cells and shows flow cytometry analysis of peripheral 
blood. Further details are provided in connection with Figure 4. 

Figure 14 shows production levels of human antibodies by XenoMouse II strains in 
comparison to murine antibody production by wild type mice. 

Figure 15 is a repertoire ana^s of human heavy chain transcripts expressed in XenoMouse 
n strains. 

Figure 16 is a repertoire analysis of human Icappa light chain transcripts expressed in 
XenoMouse II strains. 

Figure 17 is another dqiiction of the diverse utilization of human V„ and Vk genes that have 
been observed as utUized in XenoMouse H strains. 

Fignre 18 shows the titers of human antibody production in XenoMouse II strains. 

Figure 19 is a depiction of gene utilization of anti-IL-8 antibodies derived fix>m XenoMouse 
n strains. 
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Figure 20 shows heavy chain amino acid sequences of anti-lL-8 antibodies derived firan 
XenoMouse II strains. 

Figure 21 shows kappa li^t chain amino acid sequences of anti-IL-8 antibodies derived fiom 
■ XenoMouse II strains. 

Figure 22 shows bloclcage of IL-8 binding to hunian neutrophils by human anti-IL-8 
antibodies derived from XenoMouse II strains. 

Figure 23 shows inhibition of CDl lb expression on human neutrophils by human anti-IL-8 
antibodies derived from XenoMouse II strains. 

Figure 24 shows inhibition of IL-8 induced calcium influx by human anti-IL-8 antibodies 
derived fiom XenoMouse II strains. 

Figure 25 shows inhibition of IL-8 RB/293 chemotaxsis by human anti-IL-8 antibodies 
derived from XenoMouse II strains. 

Figure 26 is a schematic diagram of a rabbit modd of human IL-8 induced skin inflammation. 

Figure 27 shows the inhibition of human IL-8 induced skin inflammation in the rabbit model 
of Figure 26 with human anti-IL-8 antibodies derived irom XenoMouse II strains. 

Figure 28 shows inhiWtion of angiogenesis of endothelial cells on a rat corneal pocket model 
by human anti-IL-8 antibodies derived from XenoMouse H strains. 

Figure 29 is a depiction of gene utilization of liuman anti-EGFR antibodies derived torn 
XenoMouse II strains. 

Figure 30 shows heavy chain amino acid sequences of human anti-EGFR antibodies derived 
from XenoMouse II strains. 

Figure 31 shows blockage EOF binding to A431 ceUs by human anti-EGFR antibodies 
derived from XenoMouse II strains. 

Figure 32 shows inhibition of EGF binding to SW948 cells by human anti-EGFR antibodies 
derived from XenoMouse II strains. 

Figure 33 shows that human anti-EGFR aittibodies derived from XenoMouse n strains inhibit 
growth of SW94S cells m vitro. 

Figure 34 shows inhibition of TNF-a binding to U937 cdls throu^ use of human anti-TNF-o 
antibodies derived from XenoMouse II strains. 
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Fignre 35 shows kappa light chain amino acid sequences of human anti-EGEBR antibodies 
id from XenoMouse n strains. 



Detailed Description of thf. Prff erred EMBoniivn;ivrs 
Herein we describe the generation and characterization of several strains of mice contaimng 
substantially gennline configuration megabase-sized human Ig loci. The present invention thus 
provides the first demonstration of reconstrucdon of the large and complex human Ig lod on YACs 
and the successfiil introduction of megabase-sized YACs into mice to fiinctionally replace the 
corresponding mouse lod. 

Mouse Straiits 

The following mouse strains are described and/or utilized herem: 

Double Inactivated (nn Xirain.- The DI strain of mice are mice that do not produce 
functional endogenous, mouse, Ig. In prefened embodiments, the DI mice possess an inactivated 
mouse Jh region and an inactivated mouse Ck region. The construction of this strain is discussed 
ejttensively elsewhere. For example, the techniques utilized for generation of the DI strains are 
described in detail in U.S. Patent Application Serial Nos. 07/466,008, filed January 12, 1990, 
07/610,515, filed November 8, 1990, 07/919,297, filed July 24, 1992, 08/031,801, filed March 15, 
1993, 08/112,848, filed August 27, 1993, 08^34,145, Bed April 28, 1994, 08/724,752, filed October 
2, 1996. See also European Patent No., EP 0 463 151 Bl, grant published June 12, 1996, 
taemational Patent AH>lication No., WO 94/02602, publidwd Fdjiuaiy 3, 1994, International Patent 
implication No., WO 96/34096, pubHshed October 31, 1996, and PCT AppUcation No. 
PCT/US9»05928. filed AfsH 29, 1996. The disclosures of each of the above-cited patent and patent 
applications are hereby incorporated by reference in thar entiiety. It has been observed and reported 
that DI mice possess a very immature B-cdl development. The mice do not produce mature B-cells, 
onlypro-B-cdls. 
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XenoMous e I Strain: The cfesign, constnictton, and analysis of the XenoMouse I strain was 
discussed in detail in Green et al., Nature Genetics, 7:13-21 (1994). Such mice pre .jced IgMK 
antibodies against a DI back^ound. The mice showed improved B-cell fiinction when compared to 
the DI strain of mice which have Ettfe to no B-cdl development. While XenoMouse I strains of mice 
were capable of mounting a sizeable immune response to antigenic challenge, there appeared to be 
ineSdent in their producticHi of B-cells and possessed a limited response to difierent antigens which 
^parently was related to their limited V-gene repertdre. 

L6 Strain : The L6 strain is a mouse producing IgMK antibodies against a DI background 
of endogenous mouse Ig. L6 mice contain an inserted human heavy chain and an inserted human 
kappa light chain. The L6 strain is generated through breeding of a mouse containing a heavy chain 
insert against a double inactivated background (L6H) and a mouse having a kappa light chain insert 
against a double inactivated background (L6L). The heavy chain insert comprises an intact 
approximately 970 kb human DNA insert from a YAC containing approximately 66 Vg segments, 
starting at Vh6-] and ending at V,p-65, and including the major D gene chisters (approximately 32), 
Jh genes (6), the intronic enhancer (Em), Cm, and through about 25 kb past C6, in germline 
configuration. The light chain insert comprises an intact approximately 800 kb human DNA insert 
from a YAC which contains approximately 32 V, genes starting at and ending at V,^,i. The 
800 kb insert contains a deletion of approximately 100 kb starting at and ending at V,.i^ 
However, the DNA is in germline configuration from V.^^,, to 100 kb past V^_Qri, <™d also contains 
the J, genes, the intronic and 3' enhancers, the constant C, gene, and Kde. The L6H and L6L mice 
have been shown to access the fiill spectrum of the variable genes incorporated into their genome. 
It is expected that the L6 mice will similarly access the fiill spectrum of variable genes in thdr 
genome. Furthermore, L6 mice will exhibit predominant expression of human kappa light chain, a 
large population of mature B-cells, and normal levels of IgM, human antibodies. Such mice will 
mount a vigorous human antibody re^onse to multiple immunogens, ultimately yielding 
antigen-specific fiilly human Mabs with subnanomolar afBnities. 



le Ha Strmn ; The XenoMouse Ila nuce represent our second generation 
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XenoMouse™ strains equipped with j 




; loci, against 



a Dl badcground, sudt tfa. . the mice do not produce fiinctionai endogenous Ig. Essentially, the mice 
are equivalent in constniction to the L6 strain, but additionally indude the human y2 gene with its 
entire switch and regulatory sequences and the mouse 3' enhancer in cis. The mice contain an 
5 approximately 1 020 kb heavy and an approximately 800 kb kappa light chain loci, reconstructed on 
YACs, which include the majority of the human vaiiable r^on genes, including heavy chain genes 
(approximately 66 V„} and kappa light chain genes (approximately 32 VJ, liiiman heavy constant 
regbn genes (^, fi, and y) and kappa constant region genes (C„), and all of the mqor identified 
regulatory elements. These mice have been shown to access the &11 spectrum of the variable genes 
10 incorporated into their genome. Furthermore, they exhibit efficient class switching and somatic 
hyperrautation, predominant expression of human kappa light chain, a large popubtion of mature B- 
cells, and normal levels of IgM, and IgG, human antibodies. Such mice mount a vigorous human 
antibody response to multiple immunogens, induding human E,-8, human EGF receptor'(EGFR), and 
human tumor necrosis 6ctor-« (TNF-a), ultimately yielding antigen-specific fiiUy human Mabs with 

IS subnanomolar affinities. This last result conclusively demonstrates XenoMouse™ as an excdlent 
source for rapid isoladon of high affinity, tiiUy human therapeutic Mabs against a broad spectmm of 
andgens with any desired specifidty. 

As will be appredated from the above-introduction, the XenoMouse II strain appears to 
undergo mature B-cell development and mount powerful aduh-human-like immune responses to 

20 antigenic challenge. The L6 strain, as predicted from the data in connection with L6L and L6H mice, 
also appear to undergo mature B-cell development and mount powerful adult-human-like immune 
responses to antigenic challenge. When DI mice are compared to XenoMouse I strains and DI and 
XenoMouse I strains are compared to L6 and XenoMouse n strains, a markedly diSEeient B-cell 
devetopment profile is observed. Owing to this difference, it appears that the quantity and/or quality 

2S of variable region sequences introduced into the animals are essential to the induction B-cell 
maturalian and development and the generation of an adult-human-like immune response. Thus, in 
addition to the strains' dear use in the generation of human antibodies, the strains provide a valuable 
tool for studying the nature of human antiboifies in the normal immune response, as well as the 
abnormal response characteristic of autounmune disease and other disorders. 
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It is predicted that «he specifidty of antibodies fi.e., the ability to generate antibodies to a vvide 
spectrum of antigens and indeed to a wide spectium of independent epitopes thereon) is dependent 
upon the variable region genes on the heavy chain (Vg) and kt^a light diain (VJ genome. The 
human heavy chain genome includes approxfanatdy 95 fiincdonai genes -which encode variable regions 
of the human heavy chain of innnunoglobulm molecules. In addition, the human light chain genome 
includes approximately 40 genes on its proximal end which encode variable regions of the human 
kappa light chain of immunoglobulin molecules. We have demonstrated that the specificity of 
antibodies can be enhanced through the inclusion of a plurality of genes encoding variable light and 
heavy chains. 

Provided in accordance with the present invention are transgenic mice having a substantial 
portion of the human Ig locus, preferably including both a human heavy chain locus and a human 
kappa light chain locus. In preferred embodiments, therefore, greater than 1 0% of the human V„ and 
V. genes ate utilized. More preferably, greater than about 20%, 30%, 40%, 50%, 60%, or even 70% 
or greater of Vh and V,, genes are utilized. In a preferred embodiment, constructs including 32 genes 
on the proximal region of the V, light chain genome are utilized and 66 genes on the V„ portion of 
the genome are utilized. As will be appreciated, genes may be included either sequentially, i.e., in the 
order found in the human genome, or out of sequence, i.e., in an order other than that found in the 
human genome, or a combination thereof. Thus, by way of example, an entirely sequemial portion 
of either the V„ or V, genome can be utilized, or various V genes in either the V„ or V, genome can 
be skipped while maintaining an overall sequential arrangemem, or V genes within either the or 
V, genome can be reordered, and the like. In a preferred embodiment, the entire inserted locus is 
provided in substantially germline configuration as found in humans. In any case, it is expected and 
the results described herein demonstrate that the inclusion of a diverse array of genes from the V„ and 
V, genome leads to enhanced antibody specificity and uhimately to enhanced antibody affinities. 

Further, preferably such mice include the endre D„ r^on, the mtire J„ region, the human mu 
constant region, and can additionally be equipped with other human constant regions for the coding 
and generation of additional isotypes of antibodies. Such isotypes can include genes encoding Yi. Y2> 
Ya, Y» o. 6, and 6 and other constant region encoding genes with appropriate switch and regulatory 
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sequences. As wUl be appreciated, and as discussed in more detail below, a variety of switcli and 
tegulatoiy sequences can be appropriately utilized in connection with any particular constant region 
selection. 

The foUowii^ Table indicates the diversity of antibody combinations that are possible in 
5 humans, based strictly on random V-D-J joining and combination with kappa light chains, without 
consideration of N-addition or somatic mutation events. Based on these considerations, there are 
greater than 3.8 million possible antibody combinations in humans, of any particular isotype. 



10 



1 Region 


Heavy Chain 


Kappa Lii^ht Chain 


Variable "V" 


-95 


40 


Diversity "D" 


£32 




Joining 'T' 


6 


5 


Combinations (VxDxJ) 


18,240 


200 


Total Combinations 
(HCCombmationsxLC 
Combinations) 


3.65 X 10* 



20 In connection with a preferred embodiment of the invemion, through the inclusion of about 

66 V„ genes and 32 V, genes in a mouse with a fiill complement of D h, J h. a"'' « ssoss, the 
possible diversity of antibody production is on the order of 2.03 X 10* di£ferem antibodies. As 
before, such calculation does not take into account N-addition or somatic mutation events. 
Therefore, it will be appreciated that mice in accordance with the invention, such as the L6 and the 

25 XenoMouse II strains, offer substantial antibody diversity. In preferred embodiments, mice are 
deagned to have the capability of producing greater than 1 X 10' different heavy chain V-D-J 
coniMnatimis and k^pa ligjit chain V-J combinations, without accounting for N-additions or somatic 
mutation events. 
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In addition to quantitative diversity, quantitative selection of V-genes (i.e., large and diverse 
■ numbers of V-genes) and/or qualitative selection of V-genes {i.e., selection of particular V-genes) 
appears to play a role in what we refer to herein as "qualitative diversity." Qualitative diversity, as 
used h«idn, refers to diversity in V-D-J rearrangements wherein junctional diversity and/or somatic 
mutation events are introduced. During heavy chain rearrangement, certain enzymes (RA&l, RAG- 
2, and possibly others) are responsible for the cutting of the DNA representing the codiiig regions of 
the antibody genes. Terminal deoxymideotidyl transferase (Tdt) activity is upregulated wMdi is 
responsble for N-terminal additions of nucleotides between the V-D and DJgene segments. Similar 
enzymes and others (SCID and other DNA repair enzymes) are responable for the deletion that 
occurs at the junctions of these coding segments. With respect to junctional diversity, both N- 
addition events and formation of the complementarity determining region 3 (CDR3; are included 
within such term. As will be appreciated, CDR3 is located across the D region and includes the V-D 
and D-J junctional events. Thus, N-additions and deletions during both D-J rearrangement and V-D 
rearrangement are responsible for CDR3 diversity. 

It has been demonstrated that there are certain differences between murine and human 
junctional diversities. In particular, some researchers have reported that murine N-addition lengtiis 
and CDR3 lengtiis are generally shorter than typical human N-addition lettgths and CDR3 lengtiis. 
Such groups have reported that, in humans, N-additions of about 7.7 bases in length, on average, are 
typically observed. Yamadaetal. (1991). Mouse-like N-additions are mote often on the order of 
about 3 bases in length, on average. Feeneyetal. (1990). Similarly, human-like CDR3 lengths are 
longer than mouse-Uke CDR3's. In man CDR3 lengths of between 2 and 25 residues, with an average 
of 14 residues, is common. In mice, some groups have reported shorter average CDR3 lengths. 

The junaional diversity created by N-additions and CDR3 additions play a clear role 
developing antibody specificity. 



that are comparable to expected adult-human N-addition lengths. Further, amino add sequences 
across tiie open reading fiame (ORF) corresponding to CDR3 sequences riiow CDR3 lengtiis tiiat 




I V-D-J gene sequences show N-addition lengtiis 
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are comparable to expected adult-human CDR3 lengths. Such data is indicative that quantitative 
variable region (fiversity and/or qualitative vaiiable re^on diveraty results in human-like junctional 
diversity. Such junctional diversity is expected to lead to a more human-like antibody specificity. 



While we have not conclusively demonstrated a direct causal connection between the 
increased variable region inclusion and antibody specificity, it appears, and it is expected that thiough 
providing such diversity, the ability of the mouse to mount an immune response to a wide airay of 
antigens is possible and enhanced. Additionally, such mice appear more equipped to mount immune 
responses to a wide air^ of epitopes upon nidividual antigens or immunogens. From our data it also 
appears that antibodies produced in accordance with the present invention possess enhanced affinities. 
Such data includes comparisons between mice in accordance with the invention and the XenoMouse 
I strains, as well as consideration of the published lesuhs of GenPharm Internationa) and the MRC. 
In connection with the XenoMouse I strains, as mentioned above, such mice possessed inefficient B- 
ceU production and a limited response to different amigens. Such result appeared related in part to 
the limited V-gene repertoire. Similarly, results reported by GenPharm International and the MRC 
indicate a limited response to diverse amigens. 

Without wishing to bound to any particular theory or mode of operation of the invention, it 
would appear that enhanced affinities appear to result from the provision of the large number of V 
regions. From our data, the provision of greater numbars and/or selection of qualities of V-gene 
sequences, enhances junctional diversity (N-additions and formation of complementarity determining 
region 3 ("CDR3") diversity), which is typical of an adult-human-like immune response, and which 
play a substantial role in affinity maturation of antibodies. It may also be that such antibodies are 
more effective and efficient in somatic mutation events that lead to enhanced affinities. Each of 
junctional diveraty and somatic mutation events are discussed in additional detail below. 

With respect to affinities, antibody affinity rates and constants derived through udlizatkm of 
tdural Vh and V. genes ^.e., the use of 32 genes on the proximal region of the V, light chun genome 
and 66 genes on the Vh portion of the genome) results in association rates (ka in M-'S"') of gieater 
than about 0.50 X 10^, preferably greater than 2.00 X 10^, and more preferably greater than about 
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4.00 X 10"^; dissociation rates (kd in S*') of greater than about 1.00 X ID'', preferably greater than 
about 2.0O X 10^, and more preferably greater than about 4.00 X 1 0^; and dissociation constant (in 
M) of greater than about 1.00X10-"°,preferably greater than about 2.00X 10-'°, and more preferably 
greater than about 4.00 X 10"'". 

Preferably, such mice additionally do not produce &nctional endogenous immunoglobulins. 
This is accomplished in a preferred embodiment through the inactivation (or knocking out) of 
endogenous heavy and light chain lod. For example, in a preferred embodiment, the mouse heavy 
chain J-region and mouse kappa light cham J-region and C.-region are inactivated through utilization 
of homologous recombination vectors that replace or delete the region. 

V mi^bIe Region - &feH ^efopment 

B-cell development is reviewred in Klaus B Lymphotytes (IRL Press (1990)) and Chapters 1 -3 
of Immunoglobulin Genes (Academic Press Ltd. (1989)), the disclosures of which are hereby 
incorporated by reference. Generally, in mammals, blood cell development, including B- and T-cell 
lymphocytes, originate &om a common pluripotent stem cell. The lymphocytes, then, evolve from 
a common lymphoid progenhor cell. Following an early gestational period, B-cell initiation shifts 
from the liver to the bone marrow where it remains throughout the life of the mammal. 

In the life cycle of a B-cell, the first generally recognizable cell is a pro-pre-B-cell which is 
found in the bone marrow. Such a cell has begtm heavy chain V-D-J learrangement, but does not yet 
make protein. The cell then evolves into a large, rapidly dividing, pre-B-cell I which is a 
cytoplasmically p* cdL This pre-B-cell I then stops dividing, shrinks, and undergoes light chain V-J 
rearrangement becoming a pre-B-cell 11 which expresses surface IgM, which leave the marrow as 
immature B-cells. Most of the emergu^g immature B-cells continue to develop and to produce 
surfiice IgD, indicative of thar compledon of differentiation and development as fiilly mabite 
immunocompetent peripheral B-cells, which reside primarily in the spleen. However, it is possible 
to eliminate the delta constant region and still obtain immunocompetent cells. 

B-cell differentiation and development can be monitored and/or tracked through the use of 
suT&ce mariteis. For example, the B220 antigen is exi»«ssed ui relative abundance on mature B-cells 
in comparison to pre-B-cells I or n. Thus, cells that are B220* and surface IgM* (p*) can be utilized 
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to determine the presence of mature B-cells. Additionally, cells can be screened for sur&ce IgD 
ejqyression (d'^. Another antigen, heat stable andgen, is expressed by pre-B-cells II as they transition 
to the periphery (i.e., as they become \C and/or (i*, 6"). 



TABLE n 
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pro-pre-B-cell 


pre-B-cell I 


pre-B-cell IT 
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immature B-cell 
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B220 
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Assuming the presence of a functional copy of the C6 gene on the transgene. 



Through use of B-cell markers, such as those mentioned above, development and 
diiferentiation of B-cells can be monitored and assessed. 

We have previously demonsUBted that DI mice (mice that do not undergo heavy chain V-D-J 
rearrangement or light chain V-J rearrangement) do not produce mature B-cells. In fact, such mice 
arrest at the production of pro-pre-B-ceUs and B-cells never move from the bone marrow to 
peripheral tissues, including the spleen. Thus, both B-cell development and antibody production are 
completely arrested. The same result is seen in mice that are only heavy chain inaaivated; B-cell 
development and differentiation arrests in the bone marrow. 

Our XenoMouse I strain produced functional, somewhat mature B-cells. However, the 
numbers of B-cells, in both the bone marrow and peripheral tissues, were significantly reduced 
relative to wild type mice. 

In contrast, our XenoMouse D straws and L6 strains, unexpectedly possess ahnost complete 
B-cell reconstitution. Therefore, in accordance with the invention, we have demonstrated that 
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through the quantitative inclusion or qualitative inclusion of variable region genes B-cell 
diffoentiation and development can be greatly reconstituted. Reconstitution of B-cell HiSerentiation 
and development is indicative of immune system reconstitution. In general, B-cell reconstitution is 
compared to wild type controls. Thus, in preferred embodiments of the invention, populations of 
5 mice having inserted human variable regions possess greater than about 50% B-cell function when 
compared to populations of wild type mice. 

Further, it is interesting to note that production of human antibodies in preference to mouse 
antibodies is substantially elevated in mice having a knock-out background of endogenous Ig. That 
is to say that mice that contain a human Ig locus and a &nctionally inactivated endogenous heavy 
10 chain Ig locus produce human antibodies at a rate of approjdmately 100 to 1000 {bid as efficiently 
as mice that only contain a human Ig locus and are not inactivated for the endogenous locus. 

IsQtype .Switching 

As is discussed in detail herein, as expected, XenoMouse II mice undergo efficient and 
1 5 effective isotype switching from the human transgene encoded mu isotype to the transgene encoded 
gamma-2 isotype. We have also developed XenoMouse n stiains that contain and encode the human 
gamina-4 constant region. As mentioned above, mice m accordance with the invention can 
additionally be equipped with other human constant regions for the generation of additional isotypes. 
Such isotypes can include genes encoding y,, y,. Yi, Y4> <^ ^ oCi^ constant region encoditig 
20 genes. Alternative constant regions can be included on the same minsgcne, i.e., downstream from 
the human mu constant region, or, alternatively, such other constant regions can be included on 
another chromosome. It will be appredated that where such other constant regions are included on 
the same chromosome as the chromosome including the human mu constant r^on encoding 
transgene, cis-switching to the other isotype or isotypes can be accomplished. On the other hand, 
25 where such other constant r^ion is included on a diflisrent chromosome from the chromosome 
containing the mu constant region encoding transgene, trans-switchmg to the other isotype or 
isotypes can be accomplished. Such arrangement allows tremendous flexibility in the design and 
construction of nrice for the generation of antibodies to a wide array of antigens. 

It will be appredated that constant regions have knovm switch and regulatory sequences that 
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they are associated with. AIJ of the murine and human constant r^on genes had been sequenced 
and published by 19S9 See Honjo et al. "Constant Region Genes of the Immunoglobulin Heavy 
Chain and the Molecular Mechanism of Class SwitcUng" in Immunoglobulin Genes (Honjo et al. 
' eds.. Academic Press (1989)), the disclosure of which is hereby incorporated by refoBnce. For 
example, in U.S. Patent AppUcation Serial No. 07/574,748, the disclosure of which is hereby 
incorporated by reierence, the doning of the human ganunarl constant region was prophesized based 
on known sequence information fmm the prior art. It was set forth that in the tuireairanged, 
unswitched gene, the entire switch region was included in a sequence b^inning less than S kb from 
the 5' end of the &st y-1 constant exon. Therefore the switch ivgion was also inchided in the 5' 5.3 
kb Hindlll fragment that was disclosed in Ellison et al. Nucleic Acids Res. 10:4071-4079 (1982). 
Similaily, TakahasM et al Ce// 29:671-679 (1982) also reported that the fiagment disclosed in Ellison 
contained the switch sequence, and this fragment together with the 7.7 kb Hindm to BamHI fragment 
must include all of the sequences necessary for the heavy cham isolype switching transgene 
construction. 

Thus, it will be appreciated that any human constant region of choice can be readily 
incorporated into mice in accordance with the invention without undue experimentation. Such 
constant regions can be associated with their native switch sequences (i.e., a human Yi, 2. j. cri constant 
region with a human Tun., swtd^ respectively) or can be associated with other switch sequences 
ri.e., a human constant regjon with a human switch). Various 3' enhancer sequences can also 
be utilized, such as mouse, human, or rat, to name a few. Similarly other regulatory sequences can 
also be included. 

As an alternative to, and/or in addition to, isotype switching in vim, B-cells can be screened 
for secretion of "chimeric" antibodies. For example, the L6 mice, in addition to producing My 
human IgM antibodies, produce antibodies having fiilly human heavy chain V, D, J regions coupled 
to mouse constant regions, such as a variety of gammas Ce., mouse IgGl, 2, 3. 4) and the like. Such 
antibodies are highly usefiil in their own right. For example, human constant regions can be included 
on the antibodies through in vitro isotype svntching techniques well known in the art. Alternatively, 
and/or in addition, fragments (i.e., F(ab) and F(ab')2 fr^ents) of such antibodies can be pr^ared 
which contain little or no mouse constant regions. 
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As discussed above, the most critical factor to antibody production is specificity to a desired 
antigen or epitope on an -ntigen. Class of tlie antibody, tliereafter, becomes imponam according to 
the therapeutic need. In other words, will the therapeutic index of an antibody be enhanced by 
providing a particular isotype or class? Consideration of that question raises issues of complement 
fixation and the like, which then drives the selection of the particular class or isotype of antibody. 
Gamma constant regions asast in afBnity maturation of antibodies. However, the inclusion of a 
human gamma constant region on a ttansgene is not requited to achieve such maturation. Rather, 
the process appears to proceed as weU in connecnon with gms. gamma constant regions which aie 



Materials aisp Mimnons 

The following Materials and Methods were utilized in connection with the generation and 
characterization of mice in accordance with the present invention. Such Materials and Methods are 
meam to be illustrative and are not limiting to the present inventioa 

Oouinf Human Ig-^lerivai YACs: The Washington University (Brownstein et al., 1989) 
and the CEPH (Abertsen et al, 1990} human-YAC libraries were screened for YACs comaining 
sequences from the human heavy and kappa light chain loci as previously described (Mendez et al. 
1995). Cloning and characterization of IH and IK YACs was described by Mendez et al., (1995). 
3H and 4H YACs were identified fi-om the Washington University library using a V„3 probe (0.55 
kbPstI/NcoI,BennanetaI, 1988) The 17H YAC was cloned from theGM1416YAC libiaiy and 
determined to contain 130 kb of heavy chain variable sequences and a 150 kb chimeric r^ion at its 
3' end Matsuda et. al., 1993. 2K and 3K YACs were recovered fi-om the CHEF libiary using VJI- 
i!r (Albertsen et al., 1990). 



23.- Standard methods for yeast growth, mating, sponilation, 
and pheno^ testing were employed (Sherman et al, 1986). Targeting of YACs and YAC vector 
aims with yeast and mammalian selectable markers, to fiicilitate the screening of YAC recombmants 
in yeast of YAC integration into cells, was achieved by lithium acetate transformation (Scheistl and 
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Gdtz (1989). After every targeting or recombination step the modified YAC(s) was analyzed by 
pulsed field gel eletn^boresis an-< standard Southern Blots to determine the integrity of all sequ'^es. 

YAC targeting vertors were used for the interconversion of centric and acentric arms to 
reorient 1 7H and to retrofit its 5' arm with LEU2 and URA3 genes and its 3' arm with the fflS3 gene. 
5 See Fig. la and Mendez et al, 1993. The 4H centric arm was retrofitted with the yeast ADE2 gene 
and the human HPRT seleaable maiicers. .For the first recombination step, a diploid yeast strain was 
created and sdected m which all three YACs 17H, 3H, and 4H were present, intact, and stably 
maintained. A three-way homologous recomKnation between the YAC overlapping regions was 
induced by sponilalion and the desired recombinant was found by the selection of the outer yeast 
1 0 sdectable markers (ADE2 and HISS) and negative selection (loss) of the internal marker URA3 . The 
successful reconJanation created a 880 kb YAC containing 80% of the IgH variable region, starting 
at V„2-S and extending 20 kb 5' of the V„3-6S gene. For the recombination of the 880 kb YAC to 
IH, IH was retrofitted with pICL, which adds the LYS2 gene to the centric arm (Hermanson et al., 
1991). Using standard yeast mating, a diploid strain was selected comainmg both IH and the 880 
IS kbYAC. Upon sporulation and by use of overlapping homology, YAC-yeast recombination was 
carried out. With positive selection for the outer yeast markers (ADE2 and URA3) and screening 
for the loss of the internal markers (TRPl, LYS2, HIS3), an intact 970 kb YAC consistittg of 
approximately 66 Vh segments, starting at V„6-l and ending at Vh3-65 was found. The YAC also 
contained the major D gene clusters, J„ genes, the intronic enhancer (En), Cn, up to 25 kb past C6, 
20 in germline configuration. This 970 kb YAC was then retrofitted with a targeting vector including 
a 23 kb EcoRI genomic fragment of the human y-2 gene, including its switch and regulatory 
elements, a 7 kb Xbal fiagment of the murine heavy chain 3' enhancer, neomycin gene driven by the 
metallotUonine promoter (MMTNeo), and the yeast LYS2 gene. This vector, while bringing in these 
sequences on the 3' YAC arm, disrupts the URA3 gene. 
2S As a first step toward creating yK2 YAC, by standard yeast mating a diploid yeast strain was 

selected in which retrofitted IK and 3K YACs were both present, intact, and stably m^ntained. 
Using the same process as described in connection with the IgH construction, YAC-yeast 
recomKnation was canied out. Througji use of positive sdecoon for the outer yeast markers (LYS2, 
TRPl) and the screening for the loss of internal markers (URA3, TRPl), an intact 800 kb 
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recombinant product was found which contained 32 V, starting at V^, and ending at V^,i. The 
800 kb YAC contains a deletion of approximately 100 kb starting at. V^i,^,j and ending at V.^^. 
However, the YAC U in germline configuration fiom V,.^„ to 100 kb past V^,. The YAC also 
contains J„ the intronic and 3' enhancers, the constant C„ and Kde. 



with E14.TG3B1 ES cdU as described (Jakobovits et al., 1993a; Green et aL, 1994). HAT-tesistant 
colonies were expanded for analysis. YAC integrity was evaluated by Southern Blot analysis using 
protocols and probe; described in Bennan et al., (1988) and Mendez et al., (1994) and hybridization 
conditions as described in Gemmil et al., (1991). Chimeric mice were generated by microinjection 
of ES cdls into C57BL/6 blastocysts. YAC-containing offspring were identified by PCR analysis of 
tail DNA as desaibed (Green et al., 1994). YAC integrity was evaluated by Southern Blot analysis 
uaag probes and conditions previously described, except thai the blot probed with human VrS was 
washed at 50°C. 



old XenoMice and canttol mice were purified on Lynqdiolyte M (Accurate) and treated with purified 
anti-mouse CD32/CD16 Fc receptor (Pharmingen, 01241D) to block non-specific binding to Fc 
receptors, stained with antibodies and analyzed on a FACStar™" (Becton Dickinson, CELLQuest 
software). Antibodies used: allophycocyanin (APC) anti-B220 (Pharmingen, 01129 A); biotin 
anti-human IgM (Pharmingen, 08072D); biotin anti-mouse IgM (Pharmingen, 02202D); fluorescein 
isothiocyanate (FITC) goat F(ab'), anti-human IgD (Southern Biotechnology. 2032-02); FITC 
anti-mouse Igl^ (Phaimingen, 05064D); FITC anti-mlgP'' (Phaimingen, 05074D); FITC anti-mouse 
k (Phanmngen, 02174D); PE anti-human k (Pharmingen, 08175A); PE anti-mouse ic (Pharmingen, 
02155A.) RED613™-strBpt8vidin (GibcoBRL, 19541-010) was used to detect biotinjdated 
antibodies. 




YAC-coi 



; yeast spheroplasts were fused 




s: Peripheral btood and spleen lymphocytes obtained from 8-10 week 




V XenoMice (8 to 10 weeks old) were immunized 
human 11^8 or with 5 (ig TNF-a (Biosource 



intraperitoneally vnth 25 pg of 
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International) emuisified in complete Freund's adjuvant for the primary immunization and in 
incanq>lete Freund's adjuvant fir the additional immunizations carried out at two weeic intervals, For 
EGFR immunization, XenoMice were immunized imraperitoneally with 2x10' A431 (ATCC 
CRL-7907) cells resuspended in phosphate buffered saline (PBS). This dose was repeated three 
times. Four days before fusion, the mice received a final injection of antigen or cells in PBS. Spleen 
and lymph node lymphocytes from immunized mice were fused with the non-secretory myeloma 
NSO-bcl2 line (Ray and Diamond, 1994), and were subjected to HAT selection as previously 
described (Galfre and Milstein, 1981). 



ELISA assay : ELISA for determination of antigen-specific antibodies in mouse serum and 
in hybridoma superaatants were carried out as described (Coligan et al., 1994) using recombinant 
human IL-8 and TNF-a and afSnity-purified EGFR from A43 1 cells (Sigma, E-3641) to capture the 
antibodies. The concentration of human and mouse immunoglobulins were determined using the 
following capture antibodies: rabbit anti-human IgG (Southern Biotechnology, 6145-01), goat 
anti-human Igic (Vector Laboratories, Al-3060), mouse anti-human IgM (CGI/ATCC, HB-S7), for 
himan y, K, and ^ Ig, reqsectively, and goat anti-mouse IgG (Cahag, M 301 00), goat anti-raouse IgK 
(Southern Biotechnology, 1050-01), goat anti-mouse IgM (Southern Biotechnology, 1020-01), and 
goat anti-mouse A, (Southern Biotechnology, 1060-01) to capture mouse y, k, h, and X. Ig, 
respectively. The detection antibodies used in ELISA experimems were goat anti-mouse IgG-HRP 
(Cahag, M-30107), goat anti-mouse IgK-HRP (Caltag, M 33007), mouse ami-human IgG2-HRP 
(Southern Biotechnology, 9070-05), mouse anti-human IgM-HRP (Southern Biotechnology, 
9020-05), and goat anti-human kappa-biotin (Veaor, BA-3060). Standards used for quantitation of 
human and mouse Ig were: human IgG, (Calbiochem, 400122), human IgMK (Cappel, 13000X 
human IgGjK (Calbiochem. 400122), mouse IgGic (Cappel 55939), mouse IgMK (Sigma, M-3795), 
and mouse IgGjA. (Sigma, M-9019). 



as carried out using the BIAcore 2000 ini 
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outlined by the manufacturers. 

Kinetic analy»s of die antibodies was carried out using antigens immobilized onto the sensor 
suifece at a low density: human IL-8 -8 1 RU, soluble EGFR purified from A43 1 cell membranes 
{Sigma, £-3641). 303 RU, and TNF-a- 107 RU (1,000 RU conespond to about 1 ng/nnrf of 
immobilized protein). The dissociation (kd) and association (ka) rates were deteimined using the 
software provided by the manu&cturers, BIAevaluation 2.1. 



X 10"" M) was incubated with purified anti-IL-8 human antibodies at varying concentrations (5 x Iff" 
Mto 4 X 10-» M) in 200 )il of PBS with 0.5% BSA. After 15 hrs. incubation at room temperature, 
20 Ml of Protein A Sepharose CL-4B in PBS (1/1, vA-) was added to precipitate the antibody-antigen 
complex. After 2 hrs. incubation at 4°C, the antibody-'"I-IL-g complex bound to Protein A 
Sepharose was separated fi-om free "1-IL-8 by fihration using 96-well filtration plates (Millipore, 
Cat. No. MADVN6S),coUectedimoscintillalion vials and counted. The concentration of bound and 
free antibodies was calculated and the binding affinity of the antibodies to the specific antigen was 
obtained using Scatchart analysis (2). 



neutrophils prepared either fiiom freshly drawn blood or fit)m buffy coats as described (Lusti- 
Marasimhan et al., 1995). Varying concentrations of antibodies were incubated with 0.23 nM 
['"I]IL-S (Amersham, IM-249) for 30 min at 4 t in 96-well Multiscreen filter plates (Millipore, 
MADV N6550) pretreated with PBS binding buffer containing D.1% bovine serum albumin and 
0.02% NaNj at 25°C for2 hours. 4X10* neutrophils vrere added to each well, and the plates were 
incubated for 90 min at 4°C. Cells were washed 5 times with 200 nl of ice-cold PBS, w*ich was 
removed by aspiration. The filters were air-dried, added to scmtillation fluid, and counted in a 
sdmaiation counter. The percentage of specifically bound ['"IJIL-S was calculated as the mean cpm 
detected in the presence of antibody divided by cpm detected in the presence of buffer only. 

Binding assays for TNF receptor were performed in a similar manner as the IL-8 assays 
described above. Hovrever, the human monocyte line U937 was utilized instead of the neutrophil line 




e." "'I-labeledhunianIL-8(1.5xl0""Mor3 




£.- The IL-8 receptor binding assay was carried out with human 



-29- 



wo 98/24893 



used in connection with the IL-8 assays. Antibodies were preincubated with 0.25 nM ('"]TNF 
(Amersham, IM-206). 6x10' U937 cells were placed in each well. 

The EGF receptor binding assay was carried out with A431 cells (0.4 x 10' cells per well) 
which were incubated with varying concentrations of antibodies in PBS binding buffer for 30 minutes 
5 at 4''C. 0.1 nM ['"r]EGF (Amersham, IM-196) was added to each well, and the plates were 
incubated for 90 min at 4°C. The plates were washed five times, air-dried and counted in a 
sdntination counter. Anti-EGFR mouse anulndies 225 and 528 (Calbiochem) were used as controls. 



humoH Mtths; Poly(A}* mRNA was isolated from spleen and lymph nodes of unimmunized and 
innrnraized XenoMice using a Fast-Track kit (Invitrogen). The generation of random primed cDNA 
was followed by PGR. linnan V„ or human V, family specific variable region primers (Marks et. al., 
1991) or a universal human Vh primer, MG-30 (CAGGTGCAGCTGGAGCAGTCIGG) was used 
in conjunction with primws specific for the human C;i (h(iP2) or Ck (hicP2) constant regions as 
previously described (Green et al., 1994), or the human y2 constant region MG-40d; 
5'-GCTGAGGGAGTAGAGTCCTGAGGA-3'. PGR products were cloned into pCRII using a TA 
doniqg kit (Invitrogen) and both strands were sequenced using Prism dye-terminator sequencing kits 
and an ABI 377 sequencing machine. Sequences of human Mabs-derived heavy and kappa chain 
transcripts were obtained by direct sequendng of PCR products generated from poly(A*) RNA using 
the primeis described above. All sequences were analyzed by alignments to the "V BASE sequence 
directoiy" (Tonilinson et al., MRC Centre for Protein Engineerii^ Cambridge, UK) using MacVector 
and Geneworks software programs. 



.■ Antibody Fab fragments were 
produced by using immobilized p^n (Pierce). The Fab fragments were purified with a two step 
chromatographic scheme: HiTrap (Bio-Rad) Protein A column to capture Fc fragments and any 
undigested antibody. Mowed by elutirai of the Fab fragments retained in the flow-through on strong 
cation exchange column (PerSeptive Biosystems), with a linear salt gradient to 0.5 M NaCl. Fab 
ti. by SDS-PAGE and MALDI-TOF MS under redudng and non-redudng 
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conditions, demonstrating the expected •'SO IcD unreduced fragment and -25 kDa reduced dou 
This result demonstrates the intact light chain and the deaved heavy chain. MS u'"ler redu 
conditions pomitted the unambiguous identification of both the light and cleaved heavy chains ! 
the light chain mass can be precisely determined by reducing the whole undigested antibody. 



The following examples, including the experiments conducted and results achieved ai 
provided for illustrative purposes only and are not to be construed as limiting upon the piese 



Sample I; KewmPivtion ofhHma» heavy fM„ ipg m YAQ 

In accordance with the present invention, the strategy that we utilized to reconstruct the 
human heavy chain and human kappa light chain variable r^ons was to, first, screen human- YAC 
libraries fi>r YACs that spanned the laige (megabase-sized) human Ig loci and, second, to recombine 
YACs spanning such regions into single YACs containing the desired loci predominantiy in germline 
configuration. 

The above, stepwise, YAC recombination scheme explohed the high firequency of 
meioti&lnduced homologous recombination in yeast and the ainlity to select the desired recombinants 
by the yeast markers present on the vector arms of the recombmed YACs (See Figure 1 , and Green 
et al., siipra.; see also Silverman et at., 1990 and denDunnen et al., 1992). 

In connection with our strategy, vre identified four YACs, IH (240 HjX 2H (270 kb), 3H (300 
kb), and 4H (340 kb), which spanned about 830 kb, out of the about 1000 W), of the human heavy 
chain variable region on cfaromosome 14q. YACs IH, 2H, 3H, and 4H were used for reconstruction 
ofthe locus (See Figure lA). Pulsed Field Gel Electrophoresis (PFGE) and Southern blot analysis 
confim»d tte YACs to be in mtact, getmline configuration, witii the exception of 1 50 kb at tiie 3' end 
of YAC 2H which contained certain non-IgH sequences (See Figure 1; Matsuda et al., 1 990). YAC 
IH, tiie YAC that was previously mtroduced imo our first generation XenoMouse™ (Green et al., 
supra. ; Mendez et al., 1 995), is comprised of the human C,, C,„ J„, and D„ regions and the first 5 Vg 
genes in germline configuration. The other three YACs cover the majority ofthe V„ region, from 
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V„2-5 to Vh3-65, thus contributing approximately an additional 61 different Vh genes. Prior to 
recombination, YAC 4H -as retrofitted with an HPR.T selectable marker. Through utilization of the 
overlapping sequences contained on the YACs, the four YACs (IH, 2H, 3H, and 4H) were 
recomfained in yeast by a stepwise recombination strategy {See Figure lA). Such recombination 
strategy generated a 980 kb recombinant YAC (See Figure I). Analysis of the YAC by PFGE and 
Southern blot analyss confirmed the presence of the human heavy chain locus fi-om the Q region to 
20 ld> S' of the V^-6S gene in germlme configuration. No parent deletions or rearrangements were 
observed. 

The YAC acentric arm was targeted with a vector bearing the complete human y2 constant 
region, mouse 3' enhancer, and the neomycin resistance gene, to yield the final 1020 kb heavy chain 
YAC, yH2. YAC yH2 contained the majority of the human variable region i.e., 66 out of the 82 Vh 
genes, complete D„ (32 genes), and (6 genes) regions and three diiferent constant regions (C(i, 
C6, and Cy) with their corresponding regulatory sequences (See Figure lA). This was the heavy 
chain construct utilized for the production of our XenoMouse II strains. 

M»vmpleX; Reconstruction of human kapoa B^ht chain Inri n« VAC. 

A similar stqiwise recombination strategy was utilized for reconstruction of the human kappa 
light chain locus. Three YACs were identified that spanned the human kappa loci. The YACs were 
designated IK, 2K and 3K. YAC IK, which had a length of approximately 1 80 kb, had previously 
been introduced Into our first generation XenoMouse™. Such YAC contained the kappa deleting 
element, (Kde), the kappa 3' and intronic enhancers, C„ J„ and the three V, genes on the B cluster 
(Green et al., 1994; Mendez et al., 1995). YAC 2K (approximately 480 kb), and 3K (approximately 
380 kb) together encompass most of the kappa chain proximal variable region on chromosome 2p. 
A deletion of approximately 100 kb spans the L13-LS region (Fig. IB; Huber et al., 1993). Inasmuch 
as the kqipa distal region duplicates the proximal region, and as the proximal V, genes are the ones 
most commonly utilized humans (Weichold et al., 1993; Cox et al., 1994), the proximal region was 
the fbcus of our reconstruction strategy (Fig. IB). Through homologous recombination of the three 
YACS, an 800 kb recombinant YAC, yK2, was recovered. The aze and integrity of the recomWnant 
YAC was confirmed by PFGE and Southern blot analysis. Such analysis demonstrated that it covered 



-32- 



PCTrtJS»7/23091 



the proxiiiial part of the human kappa chain locus, with 32 V,, genes in germline coniiguration except 
Sx the described deletio • in the Lp region (Rg. IB). yK2 cetaric and acentric arms were mc^ified 
to contain the HPRT and neomycin ^ectabie markers, respectively, as described (Materials and 
Methods). This was the kappa light cham construct utilized for the production of our XenoMouse 
II strains. 

The YACs described herein, yH2 and yK2, represent the first megabase-stzed reconstructed 
human Ig loci to contain the majority of the human antibody repertoire, predominantly in germline 
configuration. This accomplishment fiirther confirmed homologous recombmation in yeast as a 
powerful approach for successful reconstruction of large, complex, and unstable loci. The selection 
of stable YAC recombinants containing large portions of the Ig loci in yeast provided us with the 
human Ig fragments required to equip the mice with the human antibody repertoire, constant regions, 
and regulatory elements needed to reproduce human antibody response in mice. 

Emmpki: introduction ofvHl and vK2 YACs into EX cdk 

In accordance with our strategy, we introduced the YACs, yH2 and yK2, into mouse 
embryonic stem (ES) ceUs. Once £S ceUs containing the YAC DNA wet« isolated, such ES ceUs 
were utilized for the generation of mice through appropriate breeding. 

In this experiment, therefore, YACs yH2 and yK2, were introduced into ES cells via fusion 
of YAC-containing yeast spheroplasts with HPRT-deficient E14.TG3BI mouse ES ceUs as previously 
described (Jakobovits et al., 1993a; Green ei al., 1994). HPRT-positive ES cell clones were selected 
at a frequency of 1 clone/lS-aOxlO' fused cells and were analyzed for YAC integrity by Southem and 
CHEF blot analyses (Rg. 2A). 

Seven of thirty-five ES cdl ckines (refetied to asLlO, J9.2, L17, L18, J17, L22, L23) derived 
fiom ES cell fusion with yH2-containing yeast weie found to comain all expected EcoRI and BamHI 
yH2 fragments detected by probes spanning the entir* insert: mouse 3' enhancer, human intronic 
enhancer, human C,2, Cj, and C„ constant regions, D„, ;„ and all the different Vh families: V„l, Vh2, 
Vh3, V„4, Vh5, and (data shown for 5 clones in Fig. 2A). CHEF analysis fiirther confirmEd that 
these clones, wWdi represent 20% of all clones analyzed, contain the entire intact j«2 YAC with no 
apparent deletions or rearrangements (dau not shown). 
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ES cell clones derived from the fusion of yK2-containing yeast were similarly analyzed for 
YAC integrity, using probes specific for the human Kde, kappa 3' and intronic enhancers, C,, .' , and 
aU of the different V, famiBes: VJtl, Vjm, V^, V.VI. Twenty clones of the sixty clones had 
intact and unaltered YAC, which represent 30% of total clones analyzed (data shown for two ES 
clones ir. Fig. 3A). Varying amounts of yeast genomic sequences were detected in yH2 and yK2-ES 
cell clones (data not shown). 

These results are the first demonstiation of introduction of megabase-sized constructs 
encompassmg reconstructed human lod, predominantly in geimline configuration, into mammalian 
ceUs. The relatively high frequency of intact YACs integrated into the mouse genome further 
validated the ES cell-yeast spheropiast fiision methodology as an effective approach for fiiithful 
mtroduction of large human genomic fragments into ES cells. 



Example 4: Generation ofXenoMouse II strains 

In order to generate mice from the YAC DNA contaming ES cells, microinjection of 
blastocysts was conducted, followed by breeding. Thus, yH2- and yK2-bearing ES cell clones were 
expanded and microiigected into mouse C57BL/6J blastocysts (Green et al., 1 994) and the chimeric 
males produced were evahiated for germline transmission. Offspring with transmitted YAC were 
identified by PCR analysis and the YAC integrity was confirmed by Southern blot analysis. In all 
transgenic mice analyzed the YAC was shown to be in intact form (Fig.2B, 3B). All seven 
microinjected yH2-ES clones and two out of eight yK2-ES clones were transmitted through the 

In order to generate mice that produced hmnan antibodies to the exclusion of endogenous 
antibodies, yH2- or yK2-tiansgenic mice were bred with double-inactivated (DI) mouse strains. The 
DI mouse strains are homologous for gene taigeted-inactivated mouse heavy and kappa chain loci 
and tims are defident in antibody production (Jakobovits et al., 1993b; Green et al., 1994). Two of 
the yH2- trance mouse sttains LIO and J9.2, and one of the yK2-tr8nsgemc mouse strains. J23. 1, 
were bred with DI mice to generate mice bearing YACs on an homozygous inactivated mouse heavy 
and kappa chain background (yH2a)I, and yK2J)I). Each of the ymjOi transgemc strains were bred 
wifli the yK2iDI transgenic strain to generate two XenoMouse n sttans, 2A-1 (L10J23.1^)I) and 
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2A-2 {J9.2;J23.1J)IX respectively, containing both heavy and light chain YACs on homozygous DI 
background. LIO is fiilly homozygous and J9.2 and J23.1 are in the process of being successfully 
bred to homozygosity. 

The integrity of the human heavy and kappa chain YACs in XenoMouse II strains was 
confirmed by Southern blot analysis. As shown in Fig. 2 and Fig. 3, in both XenoMouse strains 
analyzed, yH2 and yK2 were transmitted unaltered through multiple generations with no appattnt 
ddetions or rearrangements. 



In order to fijrther characterize the XenoMouse n strains, we studied their B-cell development 
and their production of human antibodies. Reconstitution of B-cell development and antibody 
production in XenoMouse II strains by yH2 and yK2 YACs was evaluated by flow cytometry and 
ELISA. In contrast to DI mice, which completely lack mature B-cells, XenoMouse II manifested 
essentially nonnal B-cell development with the mature B-cell population in the blood totaling over 
50% of the level seen in wHd type mice (Fig. 4A). All B-oells were shown to express human I^ and 
high levels of B220 (human Ig\r/B220"), with 60% of this population also expressing human IgD. 
Similar results were obtaned fi-om analysis of XenoMouse spleen and lymph nodes (not shown). 
These results correlate well with the characteristics of mature B-cells in wild type mice, indicating 
proper B-cell maturation in XenoMouse. 

The majority of XenoMouse B-cells (75-80%) expressed exclusively human kappa (K)light 
chain, whereas only about 15% expressed mouse lambda (A.) light chain (Fig 4). This light chain 
distribution ratio (hit/mA: 75:15) is comparable to that observed in wild type mice, indicating a 
mouae-fike regulation of Ught chain utilization. In contrast, XenoMouse I, as described in Gieen et 
al., 1994, showed a ratio of hKAnA: 55 :4S (data not shown). Similar observations were made for B- 
cells fiom spleen (Fig. 4B) and lymph nodes (not shown), indicating that most of XenoMouse II's 
B-cells produced exdusivdy fUlly human antibodies. Levels of mA-expressing B-celis were reduced 
from 15% to 7% in XenoMouse n strains homozygous for yK2 (data not shown). 



-35- 



PCT/CS97/23091 



The L6 strain of mice were generated identically to the process described above in connection 
with the generation of the XenoMouse II strains. However, owing to a deletion event during the 
genoadon of the L6 ES cell line, the ES cell line, and, subsequently, the L6 mouse evolved without 
a portion of the sequence distal to C6, thus, eliminating the Cy constant region and its regulatory 
sequences. Following completion of breeding, the L6 mice wilt contain the entire yK2 construct and 
the entire yH2 construct, except for the missing Cy constant region. 



Expression of human C^, Cy2, and k light chains were detected in unimmunized XenoMouse 
n sera at maximal levels of 700, 600, and 800 ^g/ml, respectively. To determine how these values 
compared to wild-type, we measured maximal levels of mouse Cn, Cy2, and k light chains in 
CS7BL/6J X 129 mice kept under similar pathogen-free conditions. The vahies for Cft, Cy2, and k 
light chain in wild-type mice were 400, 2000, and 2000 |ig/ml, respectively. Upon immunization, the 
human y chain levels mcteased to approximately 2.5 mg/ml. The concentration of mouse A was only 
70 Kg/ml, further confiiming the preferential use of human kappa chain. 

These findings confirmed the ability of the introduced human Ig YACs to mduce proper Ig 
gene rearrangement and class switching and to generate significant levels of fiilly human IgM and IgG 
antibodies before and after in 



In order to fiirther understand the reconstitution of the antibody repertoire in XenoMouse II 
strains, we challenged mice with several antigens, and prepared hybridoma cell lines secreting such 
antibodies. As will be understood, recapitulation of the human antibody response in mice requires 
diverse utilization of the different human variable genes contained on yH2 and yK2 YACs. The 
dhnraty of the human antibodies generated by XenoMouse II strains was determined by cloning and 
sequendrtg human heavy chain (ft and y) and kappa light chain transcripts fi-om XenoMouse lymph 
nodes. Based upon our data to date, sequence analysis demonstrates that XenoMouse II utilizes at 
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least 1 1 out of the 37 functional Vj, genes present on yH2, eight dififerent D„ segments and three Jj, 
genes (J„3, J„„ 3^^ (Table III; was also detected in connection with our sequencing antibodies 



The V„ genes utilized are widely distributed over the entire variable region and represent four 
out of the seven Vh femilies (Table III). The predominant utilization of V genes from Vj^ and V„, 
families is similar to the Vq usage pattern in adult humans, wfaidi is proportional to &mily size 
(Yamada et al. 1991 ; Brezinshek et al., 1995). The predominant usage of Jh4 is also reminiscent of 
that detected in human B-oells (Brezinshek et al., 1995). Addition of non-gennline nucleotides 
(N-additions) at both V-D and D-J joinings, ranging from 1-12 bp, were also observed. Such N- 
additlons produced complementary determining regions 3 (CDR3s) with lengths of from 8 to about 
19 amino add residues, which is very comparable to that observed in adults human B-cells (Yamada 
et al. 1991; Brezinshek et al., 1995). Such CDR3 lengths observed in the XenoMouse II are much 
longer than CDR3 lengths ordinarily observed m mice (Feeny, 1990). 

A highly diverse repertoire was also found in the ten kappa chain transcripts sequenced. In 
addition to displaying 8 out of the 25 Vk functional open reading frames (ORFs) present on yK2, all 
of the Jk genes were detectable (Table IV). The different Vk genes utilized were widely dispersed 
throughout yK2, representing all four major Vk gene families. All VkJk recombination products 
were linked properly to Ck sequences. The paucity of N-additions in our transcripts is in agreement 
with the greatly reduced terminal deoxynucleotide transferase activity at the stage of kappa chain 
rean-angement. The average CDR3 length of 9-10 amino acids that we observed in the kappa chain 
transcripts is identical to that observed in human B-cells (Marks et al., 1991). 

In Tables III and IV below, repertoire analyses of human heavy and kappa light chain 
transcripts expressed in XenoMouse II strains are presented. Human )t, Y, and ic spedSc mKNAs 
were amplified by PCR, cloned and analyzed by sequencing as described in Materials and Methods. 
Table m shows a series of nucleotide sequences of 12 imique human heavy chain clones, divided into 
V» D, Jh and N segments, as identified by homology with published germline sequences (Materials 
and Methods). Each D segment assignment is based on at least S bases of homology. Table IV 
shows a series of nucleotide sequences of V-J jimctions of 8 independent human k clones. The 
sequences are divided into V„ J„ and N segments and identified based on homology to published V, 



from hybridomas). V-D-J sequences were linked to human p or y2 1 



: regions (not shown). 
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and J. sequences. In each of the Tables N-additions and deletions (indicated as J were detennined 
by their lack of sequence homology to V, D, or J sequences. 



TABLE III 

Repertoire Analysis of Human Heavy Chain Transcripts 





V. 


N 


0, 


N 




A2.2.1 


TTACTOT^TaLca 


^aU 




(GGOAGCTACGOO) 


™._=ACXACTGGGOC 


B2.1.5 




(TCGGGGA) 


AAT^GCA 


(CTGGCCT) 


JH4 _CTTTGACTACTGGGGC 


IM.2.4 


TTACTGxTccicAOA 


(O) 


OO^AC 


(ACTAACTACCC) 


™6_CTACTACTACTACGOT 


B4.2.3 


ttac^SKaoa 


aAGOAGTCTT) 


GTAGTACcloCTCCTAT 


(AC<iAA, 


™_ACTACTACTACTACGGT 










(CCCT) 












(CT) 


























JH6 .TACTACTACTACTACGOT 












JH4 CTTTOACTACTOOOCC 


















(OCO 


OOATATAGTAGTOO 








S-51(DP73) 








JH3 ATGCnTGATATCTGGGG 
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TABLE IV 

Repertoire Analviiii of Human Kappa Li ght Chain Tn 




These results, together with sequences of XenoMouse-derived hybridomas described later, 
demonstrate a highly diverse, adult human-like utilization of V, D, and J genes, which appears to 
demonstrate that the entire human heavy and kappa chain variable regions present on the yH2 and 
the yK2 YACs are accesable to the mouse system for antibody rearrangement and are being utilized 
in a non-position-biased manner. In addition, the average length of N-additions and CDR3s for both 
the heavy and Icappa chain transcripts, is very similar to that seen in adult human B-cells, indicating 
that the YAC DNA contained m the mice direct the mouse machinery to produce an adult human-like 
immune repertoire in mice. 



In connection with the following Examples, we prepared high afSnity antibodies to several 
antigens. In particular, antigens were prepared to human IL-8 and human EGFR. The rationale for 
the selection of IL-8 and EGFR is as follows. 

IL-8 is a member of the C-X-C chemokine family. IL-8 acts as the primaiy chemoattiactant 
for neutrophils implicated in many diseases, including ARDS, rheumatoid arthritis, inflammatory 
bowel disease, glomerulonephritis, psoriasis, alcoholic hepatitis, reperfiision injury, to name a few. 
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Moreover, EL-8 is a potent angiogenic &aor for endothelial cells. In Figures 22-28, we demonstrate 
that human anti-IL-8 ant" idies derived from XenoMouse II strains are effective in a inhibiting IL-8's 
actions in a number of pathw^. For example, F^ure 22 shows blockage of IL-8 binding to human 
neutrophils by human anti-IL-8. Figure 23 shows inhibition of CDllb expression on human 
5 neutrophils by human anti-IL-8. Figure 24 shows inhibition of IL-8 induced calcium influx by human 
ami-IL-8 antibodies. Figure 25 shows inhibition of IL-8 RB/293 chemotaxsis by human anti-IL-8 
antibodies. Figure 26 is a scbematic diagram of a rabbit model of human IL-8 induced skin 
inflammation. Figure 27 shows the inhibition of human IL-8 induced sldn inflammation in the rabbit 
model of Figure 26 with human anti-11^8 antibodies. Figure 28 shows inhibition of an^ogenesis of 
1 0 endothelial cells on a rat corneal pocket model by human anti-IL-S antibodies. 

EGFR is viewed as an ami-cancer target. For example, EGFR is overexpressed, up to 1 00 
fold, on a variety of cancer cells. Ligand (EGF and TNF) mediated growth stimulation plays a critical 
role in the initiation and progression of certain tumors. In this regard, EGFR antibodies inhibit ligand 
binding and lead to the arrest of tumor cell growdi, and, in conjunction with chemotherapeutic agents, 
IS induces spoptosis. Indeed, it has been demonstrated that a combination ofEGFRMabs resulted in 
tumor eradication in murine xenogeneic tumor models. Imctone has conducted Phase I clinical 
utilizing a chimeric Mab (C225) that proved to be safe. In Figures 31-33, we demonstrate data 
related to our human anti-EGFR antibodies. Figure 30 shows heavy chain amino add sequences of 
human anti-EGFR antibodies derived from XenoMouse n strains. Figure 3 1 shows blockage EGF 
20 binding to A43 1 cells by human anti-EGFR antibodies. Figure 32 shows inhibition of EGF binding 
to SW948 cells by human anti-EGFR antibodies. Figure 33 shows that human anti-EGFR antibodies 
derived from XenoMouse II strains inhibit growth of SW948 cells in vitro. 



We next asked whether the demonstrated utilization of the large human repertoire in 
XenoMouse II could be harnessed to generate human antibodies to multiple antigens, in particular. 



Accordingly, individual XenoMouse U pups were challenged each with one of three different 
» targets, human IL-8, human EGFR and human TNF-a. Amigens 
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di%rent forms, either as soluble protein, in the case of Q.-8 and TMF-a or expressed on the sur&ce 
of cells (A43 1 cells), in ♦'•e case of EGFR. For all three antigens, ELIS As performed on sets flora 
immunized mice indicated a strong antigen-specific human antibody (IgG, IgK) response with titers 
as high as 1 :3xlO'. Negligible mouse X response was detected. 
5 Hybridomas were derived from spleen or lymph node tissues by standard hybridoma 

technology and were screened for secretion of andgen-specific human Mabs by ELISA. 

An IL-8 immunized XenoMoioe II yidded a pand of 12 hybridomas, all secreting fully human 
(hlgC^K) Mabs specific to human IL-8. AntBjodies fiom four of these hybridomas, Dl . 1, K2.2, K4.2, 
and K4.3, were purified torn ascitic fluid and evaluated for their affinity for human IL-8 and their 
1 0 ' potency in blocking binding of IL-8 to its receptors on human neutrophils. 

AfBnity measurements were performed by solid phase measurements of both whole antibody 
and Fab fragments using surface plasmon resonance in BIAcwe and in solution by radioimmunoassay 
(Materials and Methods). As shown in Table V, affinity values measured for the four Mabs ranged 
from 1.1x10' to 4.8x10'" M*. While there was some variation m the techniques employed, afiSnity 
1 5 vahies for all four antibodies were consistently higher than 1 0* M^. 

ELISA analysis confirmed that these four antibodies were specific to hunum IL-8 and did not 
cross-react with the closely related chemoldnes MlP-la, GROet, P, and y, ENA-78, MCP-1, or 
RANTES (data not shown). Further, competition analysis on the BIAcore indicated that the 
antibodies recognize at least two different epitopes (data not shown). All antibodies inhibit IL-8 
20 binding to human neutrophils as effectively as the murine anti-human IL-8 neutralizing antibody, 
whereas a control human IgGjK antibody did not (Fig. 5A). 

Fusion experiments with EGFR-immunized Xenomouse II yielded a panel of 25 hybridomas, 
all secretiqg EGFR-specific human IgG2K Mabs. Of the thirteen human Mabs analyzed, four (E2. 1, 
E2.4, E2.5, £2.11) were selected for their ability to compete with EGFR-specific mouse antibody 
25 225, which has previously been shown to inhibit EGF-mediated cell proliferation and tumor formation 
in mice (Sato et al., 1983). These human antibodies, purified Scorn ascitic fluid, were evahiated for 
thor affinity for EGFR and neutralization of EGF binding to cells. The afiSnities of these antibodies 
for EOFR, as determined by BIAcore measurements, ranged fimm 2.9x10' to 2.9x10"' M"' (Table V). 
All four anti-EGFR antibodies completely blocked EGF binding to A431 cells (Hg. SB), 
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demonstrating their ability to neutralize its binding to botli high and low afSnity receptors on these 
cells (Kawamoto et al., 1983). Complete inhibition of EGF binding to EGFR expressed on h-man 
SW948 human lung carcinoma cells by all four anli-EGFR human antibodies was also observed (data 
■ notshown). Inbothcases, the flilly human antibodies were as effective in inhibition of EGF binding 
astheairiEaFRmouseantibody225 and morepotentthan the 528 antibody (Gill etal, 1983). In 
both cell assays, a control human IgGiK antibody did not affect EGF binding (Fig. 5B and data not 

Fusion expetiments with TNF-a unmunized Xenomouse n yielded a panel of 1 2 human IgGjK 
antibodies. Four out of the 12 were selected for their abflity to block the binding of TNF-a to its 
receptors on U937 cells (Fig. SC). The affinities of these antibodies were determined to be m the 
range of 1.2-3.9x10' M' (Table V). 

The described Xenomouse-derived hybridomas produced antibodies at concentrations in the 
lange of 2-19 (igAnl in static culture conditions. Characterization of the purified antibodies on protein 
gels under non-redudng conditions revealed the expected apparent molecular weight of 1 50 kD for 
the IgGjK antibody. Under reducing conditions the expected appaieffl molecular weights of 50 kD 
for the heavy and 25 kD for the light chain were detected (data not shown). 

Table V, below, shows affinity constants of XenoMouse-deiived antigen-specific fiilly human 
Mabs. The affiiuty constams of XenoMouse-derived human IgGjK Mabs specific to IL-8, EGFR, and 
TNF-« were determined by BIAcore or by radioimmunoassay as described in Materials and Methods. 
The vahies shown for IL-8 and EGFR are representative of ind^endent experimems carried out with 
purified amibodies, while the values shown for TNF-a are fi-om experiments canied out with 
hybridoma supematants. 
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TABLE V 



Hmnan 
Mab 


Anfgen 


ka (M-'S-') 


kd(S-') 




KD(M) 




Immunoassay 
CM-') 


1 










DI.I 


U,-8 


2,7x10' 


9.9 X 10-' 


2.7 X 10» 


3.7 X lO"" 


81 


20x10" 


Dl.l Fab 


lL-8 


2.1xlO« 


2.1x10' 


1.1x10' 


8.8 X lO '" 


81 


4 9x10" 


K2.2 


IL-8 


0.9x10' 


2.3x10- 


4.0x10' 


2.5x10" 


81 


10x10" 






2.5x10' 


4.1 X 10- 


6.3x10' 


1.6 x I O " 


81 







IL-8 


4.3 xlC 


9.4x10- 


4.5x10' 


2.2 xlO-" 


81 




K4.3Fab 


IL-8 


6.0x10' 


2.1xl0> 


2.9 X 10' 


34x10" 


81 


















EUSA(M) 


El.l 


EGFR 


1.9 X 10' 


6.5 X 10- 


2.9x10' 




303 


1 I X 10" 


E2.5 




2.1x10' 


1.8x10- 


1.2x 10"> 








E2.11 


EOFR 


1.7 X 10' 




3.7 X 10' 


2.68x10-"' 


303 


1.1 xlO-" 


& 


EGFR 




9.78x10-' 






818 
















■: 




Fl- 


TNF-a 




1,3 x 10-' 


1.2x10' 


8.06 X 10-" 


.J 






TNF-a 






5.3x10' 


1.89 X lO-" 






T22.8 


TNF-a 




7.5x10- 


2.3 X 10' 


4.3 X 10-" 






T22,9 


TNF-o 


2.3 X 10* 


4.9x10- 


4.8x10' 


2.1 1 X 10-" 


107 




1 T22.n 


TNF-o 


2.9x10' 


7.9x10- 


N/A 


2.76 xlO-" 


107 





Exanylf IQ; Gene usage andsomade hvpermutatinn in moHoclnnal antihodies 

The sequences of the heavy and kappa light chain transcripts from the described IL-8 and 
EGFR-humanMabs were detemiined Figure 6 and Figures [[ ]]. The four IL-8-specific antibodies 
30 consisted of at least three different V„ genes (VaMjA^HMb '^ta^a and V„s.5;>, four different D„ 
segments (A1/A4, Kl, irSrc, and 21-lOre) and two ;„ (J^ and JhJ gene segments. Three difftient 
Vk genes (012, 01 8, and B3) combined with Jic3 and Jic4 genes. Such diverse utilization shows that 
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Xenomouse n is capable of producing a panel of anti-IL-8 neutralizing antibodies with diverse 
variable regions. 

In contrast to the IL-8 antibody transcripts, the sequences of antibodies selected for their 
ability to compete with Mab 225 showed relatively restricted V„ and Vk gene usage, with three 
antibodies, El. 1, E2.4 and E2.5 sharing the same V„ gene (4-3 1) and E2.1 1 containing Vh«,, which 
is highly homologous to V„4.3,. Different D (2, A1/A4, XPl) and J„ {J„3, J„4, J„5) segments were 
detected. All four antibodies were shown to share the same Vk (018) gene. Three of them 
contained Jk4, and one, E2.5, contained Jk2. 

Most Vh and Vk faybridoma transcripts showed extensive nucleotide changes (7-17) team the 
corresponding gennline segments, whereas no mutatioas were detected in the constant r^ons. Most 
of the mutations in V segments resulted in amino add substitutions in the predicted antibody amino 
acid sequences (0-12 per V gene), many in CDRl and CDR2 regions (Figure J. Of note are the 
mutations which are shared by the heavy chain sequences of EGFR antibodies, such as the Gly-Asp 
substitution in CDRl, shared by all antibodies, or Ser- Asn substitution in CDR2 and Val-Leu in the 
fiamework r^n 3 shared by three antibodies. These results indicated that an extensive process of 
somatic hypennutation, leadmg to antibody maturation and selection, is occurring in Xenomouse n. 

Discussion 

This present appEcation describes the first functional substitution of complex, megabase-sized 
mouse tod, with human DNA fiagments equivalent in size and content reconstructed on YACs. With 
this approach, the mouse humoral immune system was "humanized" with megabase-sized human Ig 
lod to substantially reproduce the human antibocfy response m mice deficient in endogenous antibody 
production. 

Our success m faithfiil reconstruction of a large portion of the human heavy and kappa light 
chain loci, nearly in gemiline configuration, establishes YAC recombination in yeast as a powerfiil 
technology to reconstitute laige, con^loc and unstable fi^gmehts, such as the Ig lod (Mendez et al., 
1995), and manipulate them for introduction into mammalian cells. Furthermore, the successful 
introduction of the two large heavy and kappa light chain stents into the mouse getmlme in intact 
form confirms the metiiodology of ES cell-yeast spheroplast fiiston as a reliable and efficient approach 
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to delivering xenogeneic loci into the mouse gennline: 

Chaiacterizanon of Xenomouse II strains has shown that the large Ig loci were capable of 
restoring the andbody system, comparable in its diversity and &nctionality to that of wildtype mice, 
and much superior to the humoral response produced m mice bearing human Ig minigene constructs 
5 (Lonberg et al., 1994) or small human Ig YACs (Green et al., 1994). This difference was manifested 
in the levels of mature B-cells, human Ig production, class switching efficiency, diversity, 
preponderance of human IgK over murine Igl production, and magnitude of the human antibody 
response, and success in the generation of high afSmty, antigen-spedfic monodonal antibodies to 

10 The levels of mature B-cells and human antibodies in Xenomouse 11 are the highest yet 

reported for Ig-transgenic mice, representing a sevetal-fbld increase over the levels shown for 
previous mice and approaching those of wildtype mice. In particular, the levds of the human IgG 
were more than 100 fold higher than those reported for mice bearing minilocus Ig transgenes with 
human y\ gene (Lonberg et al., 1994). The more efficient class switching in Xenomouse II was likely 

15 the resuh of the inclusion of the entire switch regions, with all of their regulatory elements, as well 
as the additional control elements on yH2, which may be important to support and maintain proper 
class switching. The elevated levels of mature B-cells in Xenomouse II strains are likely to result 
fiom the higher rearrangement fiequency and thus improved B-cell development in the bone marrow 
due to the increased V gene repertoire. B-cdl reconstitution is expected to be even more pronounced 

20 in XenoMouse II strains that are homozygous for the human heavy chain locus. 

The ratio of human k to mouse X light chain expression by circulating B-cells provides a 
useful imemal measure of the utilization of the transgenic kappa chain locus. Whereas in mice 
containing one allele of smaller Ig YACs, an approximately equal distribution of human K and mouse 
X was observed, a significant preponderance of human k was detected in Xenomouse II strains. 

25 Moreover, in animals homozygous for yK2 possessed a K:k ratio that is identical to wild type mice. 
These observations together with the broad Vk gene usage strongly suggest that the human proximal 
Vk genes in the Xenomouse II are sufiFident to support a diverse light chain response and are 
consistent with the bias tovrard proximal Vtc gene usage in humans (Cox et al., 1994). 

Xenomouse II strains exhibited highly increased antibody diversity with V, D, and J genes 
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across the entire span of the loci accessed by the recombination mechanism and incorporated into 
mature antibodies. Once triggered by antigen binding, extensive somatic hypermutation occurs, 
leading to affinity maturation of the antibodies. 

The utilization pattern of V, D, J genes in Xenomouse II also indicated they are available and 
utilized in a manner reminiscent of their utilization in humans, yielding an adult-like human antibody 
repertoire, which is different &om the fetal-like, position-biased usage observed in Ig 
minigene-bearing mice (Taylor et al., 1992; Taylor et al., 1 994; Tuaillcm et al., 1993). The btoad 
utilization of many of the functional V„ and Vk genes together with the multiplicity of antigens 
recognized by the mice underscores the importance of the large V gene repertoire to success&lly 
reconstituting a fimctional antibody response. 

The ultimate test for the extent of reconstimtion of the human immune response In mice is the 
spectrum of antigens to which the mice will elicit an antibody response and the ease with which 
antigen-specific high affinity Mabs can be generated to different antigens. Unlike mice engineered 
with smaller human Ig YACs or minigenes, which yielded to date only a limited number of 
antigen-specific human Mabs (Lonbeig et al., 1994; Green et al.. 1994; Fisfawild et al., 1996), 
Xenomouse n generated Mabs to all human antigens tested to date. Xenomouse II strains mounted 
a strong human antibody response to different human antigens, presented either as sohible proteins 
or expressed on the sur&ces of cells. Imnnmization with each of the three human antigens tested 
yielded a panel of 10-25 antigen-specific human IgGjK Mabs. For each antigen, a set of antibodies 
with a£Snities in the range of lO'-lO'" M-* was obtained. Several measures were taken to confirm that 
the aSiuty values represent univalent binding kinetics rather than avidity; BlAcore assays vwth intact 
antibodies were carried out with sensor chips coated at low antigen density to minimize the 
probability of bivalent binding; for two antibodies, the assay was repeated with monovalent Fab 
fragments; some of the antibodies were also tested by solution radioimmunoassay. From the results 
of these measurements, we conchide that antibodies with affinities in the range of 1 0'° M"* are reaifily 
attainable with the XenoMouse. The affinity values obtained for XenoMouse-derived antibodies are 
the highest to be reported for human antibodies agamst human antigens produced from other 
engineoied mice (Lonberg et al., Fishwild et al., 1996) or from combinatorial libraries (Vaughan et 
al., 1996). These high affinities combined with the extenave amino acid substitution as a result of 
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somatic mutation in the V genes confirms that the mechanism of afiSnity maturation is intact in 
Xenomouse II and comparable to that in wildtype mice. 

These results show that flie large antibody repertoire on the human 1% YACs is being properly 
' exploited by the mouse maohineiy for antibody diversification and selection, and, due to the lack of 
immunological tolerance to human proteins, can yield high affinity antibodies against any antigen of 
hiterest, including human antigens. The facility yvith which antibodies to human antigens can be 
generated by it» human immunoglobulin genes in these mice provides fiirther confirmation that self 
tolerance at the B-cell level is acquired and not inherited. 

The ability to generate Mgh afSnity fiilly human antibodies to human antigens has obvious 
practical impKcations. FuBy human antibodies are expected to hmnmize the immunogeriic and allergic 
responses intrinsic to mouse or mouse-derivatized Mabs and thus to increase the efficacy and safety 
of the admmistered antibodies Xenomouse n offers the opportunity of providing a substantial 
advantage in the treatment of chronic and recurring human diseases, such as inflammation, 
autoimmunity, and cancer, which require repeated antibody administrations. The rapidity and 
reprodudbility with which XenoMouse n yields a panel of fiiUy human high affinity antibodies 
indicates the potential advance h offers over other technologies for human antibody production. For 
example, in contrast to phage di^y, which requires intensive efforts to enhance the affiinty of many 
of its derived antibodies and yields single chain Fvs or Fabs, Xeriomouie II antibodies are high affinity 
fiilly intact immunoglobulins which can be produced fi-om hyinidomas without fiirther engineering. 

The strategy described here for creation of an autiientic human humoral immune system in 
mice can be applied towards humanization of other multi-gene loci, such as the T cell receptor or the 
major histocompatibility complex, that govern other compartments of the mouse immune system 
(Jakobovits, 1994). Sudi mice would be vahiable for elucidating the structure-fiinction relationships 
of the human loci and their involvement in the evolution of the hnmune system. 

INCORPORATIOW BY RETCTEiMrF 
All referaices cited herein, Inchidmg patents, patent app'hcatibns, papers, text books, and the 
like, and the references cited therein, to the extent that they ai« not aiready, are hereby incorporated 
heran by reference m their entirety. In addition, tiie following references are also mcorpoiated by 
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1) GENERAL DEFORMATION 

(i) APPUCANT: Abgenix, Inc. 

(ii) TITLE OF raE INVENTION: TRANSGENIC MAMMALS HAVINO HUMAN IG LOCI 
INCLUDING PLURAL VH AND VK ... 

(iii) NUMBER OF SEQUENCES: 80 

(iv) CORRESPONDENCE ADDRESS: 
CA) ADDRESSEE: Fish & Neave 

(B) STREET: 1 25 1 Avenue i^tfae Americu 

(C) CrrY: New York 

(D) STATE: NY 
©COUNTRY: USA 
(F)Z[P: 10020 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: EBM Conqiatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ Version l.S 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FE.INO DATE: 03-DEC-I997 

(C) CLASSinCATION: 

(vn) PRIOR APPUCATIONDATA: 
(A) APPLICATION NUMBER: 08/759^0 
CB) FILING DATE: b3-DEC-I996 



(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: James, Haley F 

(B) REGISTRATION NUMBER: 27,794 
(QREFEHENCHDOCKET NUMBER: CdI4.18 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 212-596-9000 

(B) TELEFAX 212-596-9090 
(Q TELEX: 



(2) INFORMATION FOR SEQ ID NO: 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



-54- 



PCT/US97a3091 



(iO MOLECULE TYPE: dDNA 
(iu) HYPOTHETICAL: NO 
riv)ANTISENSE:NO 
(V) FRAGMENT TYPE; 
(vi) ORIGINAL SOURCE; 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

CAC30T0CAGC TGGAOCAOTC GO 

(2) MFORMATIONFOR SEQ ID N0:2: 



(xO SEQUENCE DESCRIPTION: SEQ ID N0;2; 
GCTOAGGOAG TAGAGTCCTG AGCA 
(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 
CA)LENOTH: 13 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(id) SEQUENCE DESCRIPTION: SEQ ID N0;3: 

TTACTOTGCGAGACA 

(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(iO MOLECULE TYPE: cDNA 
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(iii) HYPOTHETICAL: NO 
Ov)ANnE!ENSE:NO 
MFRAOMENTTYPE: 
(vi) ORIGINAL SOURCE: 

(id) SEQUENCE DESCRIPTION: SEQ ID N0:4: 

GGGAGCTACGGG 12 

(2) INFORMATION FOR SEQ ID NO:S: 

(0 SEQUENCE CHARACTERISTICS: 
CA) LENGTH: 12 base paira 
0) TYPE: audeic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 
Ov)ANTISENSE:NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(a) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
OACTACTGGOGC 12 
(2) INFORMATION FOR SEQ ID NO«: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH- IS base paira 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: angle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ IDN0:6: 

TTACTGTGCGAQAQA IS 

(2) INFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 base pairs 
9) TYPE: nucleic acid 
(CO STRANDEDNESS: single 
(D) TOPOLOGY: linear 

Cii) MOLECULE TYPE: cDNA 
(iii) HYPOTOETICAL: NO 
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(iv) ANnSENSB:NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7; 
CTTTGACTACTGGGGC 

(2) INFORMATIONFOR SEQ ID NO:g: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 15 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 
P) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: 

TTACTGTACCACAQA 

(2) INFORMATION FOR SEQ ID N0:9: 



Gi) MOIEC^ TYPE: ciDNA 
fiii) HYPOTHETICAL: NO 
Civ)ANTISENSE:NO 
(V) FRAGMENT TYPE 
(vi) ORIGINAL SOimCE: 

(xi) SEQUENCE DESCRIPTION; SEQ ID N0:9: 

ACTAACTACCC 1] 

(2) INFORMATION FOR SEQ ID NO:10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
P) TOPOLOGY: linear 
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(xi) SEQUENCE DESaaPnON:SEQ ID NO:10: 
CTACTACTAC TACGGT 

O) INFORMATION FOR SEQ ID NO: 1 1 : 



(A) LENGTH: IS base paira 

(B) TYPE: nushac add 
(Q STRANDEDNESS: single 
(D) TOPOLOGY: linen- 

(n) MOLECULE TYPE: eDNA 
(iii) HYPOTHETICAL: NO 
Civ)ANTISENSE:NO 
(V) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
TTACTGTGCGAGAGA 

(2) INFORMATION FOR SEQ ID N0:12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID Ntt 



(2) INFORMATION FOR SEQ ID NO:I3: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 17 basepms 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(v) FRAGMENT TYPE: 
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(>d) SEQUENCl DESCRIPTION: SEQ ID NO:13; 
GTAGTACCAG CTGCTAT 

(2) INFORMATION FOR SEQ ID NO: 14: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 17 base pairs 

03) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(U) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(v) FRACiMENTTYPE: 

(vi) ORIGINAL SOURCE: 

(») SEQUENCE DESCRIPnON: SEQ ID NO: 14: 
ACTACTACTA CTACGGT 

(2) INFORMATION FOR SEQ ID NO: 1 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: IS: 

TTACTOTGCGAOAO 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: lObasepaire 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: sin^ 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTlSENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 
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(») SEQUENCE DESCRIPTION: SEQ1DN0:16: 

GCAC5CAC1CTO 10 

C2) INFORMATION FOR SEQ ID NO: 1 7: 

(i) SEQUENCE CHARACTERISTICS: 
CA) LENGTH: 16 base paii^ 
(B) TYPE: nucleic acid 



(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: cDNA 
(ui) HYPOTHETICAL: NO 
(iv)ANTISENSE:NO 
MFRAGMENTTYPE: 
(vi) ORIGINAL SOURCE: 

(xO SEQUENCE DESCRffHON: SEQ ID NO: 17: 

CTTTGACTACTGGGGC 

(2) INFORMATION FOR SEQ ID NO;18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

CO STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 
(V) FRAGMENT TYPE: 

\L SOURCE: 



(2) INFORMATION FOR SEQ ID N0:I9: 

(i) SEQUENCE CHARACTERISTICS: 
CA) LENGTH: 15 base pairs 
OS)TYPE:mi-- • 



(ii) MOLECULE TYPE: cDNA 
(ii0HYPOlHEnCAL:NO 
(iv)ANnSENSE:NO 
tv) FRAGMENT TYPE: 



(xO SEQUENCE DESCRIPTION: SEQ ID N0:19: 
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GATATTTTGACTGGT 

(2) INFORMAnON FOR SEQ ID NO:20: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 16 base pairs 

(C) SIKANDEDNESS: single 
CD) TOPOLOGY: linear 

Oi) MOLECULE TTfPE: cDNA 

(iii) HyPOTHEnCAL:NO 

(iv) ANTISENSE:NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

Od) SEQUENCE DESCRIPTION: SEQ ID NO:20: 
CTACTACTACTACGGT 

(2) INFORMATION FOR SEQ ID NO:21 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: I S base pairs 

CB) TYPE: nucldo acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iu) HYPOTHETICAL: NO 
(iv)ANTISENSE:NO 

Cv) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

Cxi) SEQUENCE DESCRIPTION: SEQ ID N0:21 : 

TTACTGTGCGAQAQA 

(2) INFORMATION FOR SEQ ID N0:22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: IS base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

Cii) MOLECULE TYPE: cDNA 
Ciii) HYPOTHETICAL: NO 
(iv)ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 



TTTGACTACTGOGOC 



(2) INFORMATION FOR SEQ ID NO:23: 



(1) SEQUENCE CHARACTHUSTICS: 

(A) LENGTH: 1 5 base pairs 

(B) TYPE: miclcio acid 

(C) STHANDEDNESS: single 

(D) T0POL0Gy: linear 

(ii) MOLECULE TYPE: oDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPnON: SEQIDNO;23: 

TTACTGTGCGAGAGA 

(2) INFORMATIONFOR SEQ ID N024: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANnSENSS:NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 
TACTACTACT ACTACGGT 

(2) INFORMATION FOR SEQ ID NO:2S: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 base pain 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
P) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE; 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2S: 

ATTACTGTGCGA 12 

(2) INFCatMATION FOR SEQ ID NO:26: 
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(1) SEQUENCE CHARACTERISnCS: 

(A) LENGTH: 16 base pain 

(B) TYPE: nudeio acid 

(Q STKANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANnSENSE:NO 
(V) FRAGMENT TYPE: 
(vi}OKIOINAL SOURCE: 

(») SEQUENCE DESCRIPTION: SEQ ID NO:26: 

TATAGCAGTGGCTGGT 16 

(2) INFORMATION FOR SEQ ID NO:27: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: lefaasepaiis 

(B) TYPE: nucldc acid 

(C) STRANDEDNESS: single 
P) TOPOLOGY: linear 

Cu) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

CTTTGACTAC TGGGGC |6 

(2) INFORMATION FOR SEQ ID NO:28: 

Ci) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 base pain 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 
OD) TOPOLOGY: linear 

Oi) MOLECULE TYPE: cDNA 
CiiO HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO;28: 
TATTACTGTGCGAG 14 

(2) INFORMATION FOR SEQ ID NO:29: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) IENGTH:I2 

(B) TYPE:nii- • 

(C) STSANDEONESS: angle 

(D) TOPOLOGY: linear 

(ii) MOLECULE riTE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO-J9: 

OACTACTGGOGC 12 

C2} INFORMATION FOR SEQ ID NO:30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH:12be»!pnra 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(iv)ANnSENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30: 

TATTACTGTGCO 12 

(2) INFORMATION FOR SEQ ID N0:3 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 base pairs 

(B) TYPE: nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3 1 : 
GGATATAGTAGTGG 

(2) INFORMATION FOR SEQ ID NO:32: 
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(B) TYPE: micleii; acid 

(C) STRANDEDNESS: singlo 
P) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(ifi) HYPOTHETICAL: NO 
(iv)AKTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi)ORiaiNAL SOURCE: 

Od) SEQUENCE DESCRIPTION: SEQ ID NO:32: 

CTTTOACTACTOGGGC 

(2) INFORMATION FOR SEQ ID NO:33: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: IS base pain 

(B) TYPE: nucleic add 

(C) STRAIvIDEDNESS: mgle 
P)TOPCHX)GY: linear 

(u) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
fiv)ANnSENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: . 

(xO SEQUENCE DESCRIPTION: SEQ ID NO:33: 

TTACTGTGCG AGACA 

(2) WFORMATIONFOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH- 18 base pairs 

OS) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(M) SEQUENCE DESCRIPTION: SEQ ID NO:34: 

ATGCTTTGAT ATCTGGGG 

(2) INFORMATION FOR SEQ ID NO:35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pain 

(B) TYPE: nucleic add 
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(ii) MOLECULE TYPE: oDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35: 
TTAAACGAAC AGTACCCC 

(2) INFORMATION FOR SEQ ID NO:36: 



(ii) MOLECULE TYPE: oDNA 
(iu) HYPOTHETICAL: NO 
(iv)ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIFnON: SEQ ID NO:36: 

3ATCACCTTC GGCCAA 

(2) INFORMATION FOR SEQ ID NO:37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE:nu ' ' 



(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
Oii) HYPOTHETICAL: NO 
(iY)ANnSENSE:NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

Od) SEQUENCE DESCRIPTION: SEQ ID NO:37; 
ACAGGCTAAC AGTTTCCCTC 

(2) INFORMATION FOR SEQ ID NO:38: 



(A) LENGTH:!' 
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(P) TOPOLOGY; linear 

(ii) MOLECUI TYPE: oDNA 

(iii) HYPOTHEnCAL:NO 

(iv) ANnSENSE:NO 
(V) FRAGMENT TYPE: 
(vi)ORIOINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38: 

30ACGTTCGGCCAA 

(2) INFORMATION FOR SEQ ID NO:39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 bsw pnis 

(B) TYPE:nu 



(D)TOPOLOOY: linear 

(ii) MOLECULE TYPE: eDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANnSENSE:NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 



AAGTATAACA QTGCCCC 

(2) INFORMATION FOR SEQ ID NO:40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 
av)ANTISENSE:NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xO SEQUENCE DESOUPTION: SEQ ID NO:40: 
ATTCACTTTCGOCCCT 

(2) INFORMATON FOR SEQ ID N0:41 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pain 

(B) TYPE: nncleie add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(m) sequence DESCRJPnON: SEQ ID N0:41 : 
ACAGTATGAT AATCTCCC 

C2) INFORMATION FOR SEQ ID N0rf2: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 b« pain 

(B) TYPE: inideic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANnSEN5E:N0 

(v) FRAGMENT TYPE: 

(vi) QRIOINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42: 
GCTCACTTTC GGCGOA 

(2) INFORMATION FOR SEQ ID NO:43: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 18 base paire 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(hF)ANnSENSE:NO 
{v)niAOMENTTYPE: 
(vi) ORIGINAL SOURCE: 

(») SEQUENCE DESCRIPTION: SEQ ID NO:43: 

AAAOTATAAT AQTTACCC 

(2) INFORMATION FOR SEQ ID NO:44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: bDNA 
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(iiO HYPOTHETICAL: NO 
(iv)ANTISENSE:NO 
(V) FRAGMENT TVPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44: 

OATCACCTTC GGCCAA 

(2) INFORMATION FOR SEQ ID NO:45: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4S: 

CAOCATAATA GTTACCC 

(2) INFORMATION FOR SEQ ID NO:46: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16basepaira 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

Cii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46: 

ATTCACTTTCGGCCCT 

(2) INFORMATION FOR SEQ ID NO:47: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base p«in 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: angle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(ia)HYPO-mEnCAL;NO 



(iv)ANnSENSE:NO 
(V) FRAGMENT TVre: 
(vi) ORIGINAL SOURCE: 

(xi) ^QUENCE DESCRIPTION: SEQ ID NO:47: 

AATATTATAG TACTCC 

(2) INFORMATION FOR SEQ ID NO:48: 

(1) SEQUENCE CHARACTERISTICS: 
CA)LENG'ni: 16 base puis 

(B) TYPE- mideiB wad 

(O STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: oDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:48: 
GCTCACTTTC GGCQGA 

(2) INFORMATION FOR SEQ ID NO:49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH 19 base pairs 

(B) TYPE: nucleic acid 

(Q STRANDEDNESS: single 
P) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
Ciii) HYPOTHETICAL: NO 
(iv)ANTISENSE:NO 

(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49: 

CAGTATGGTA GCTCACCTC 

(2) INFORMATION FOR SEQ ID NO:50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 0 base pairs 

(B) TYPE: nucleie acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: eDNA 

(iii) HYPOTHEnCAL: NO 

(iv) ANnSENSB:NO 
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(a) SEQUENCE DESCRIPTION: SEQ ID NO:S0: 
CACTTTTGGCCAG 

(2) INFORMATION FOR SEQ ID N0:S1: 



CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pepMe 

(iii) HYPOTHETICAL: NO 
(ivJANTISENSENO 

(v) FRAGMENT TYPE: inlenul 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5I : 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ak Pro Cys Ser Arg 
15 10 15 

Ser Thr Ser Thr 

(2) INFORMATION FOR SEQ ID N0:S2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 80 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(V) mAGMEtn TYPE: intenul 
(vi) ORIGINAL SOURCE: 

(id) SEQUENCE DESCRIPTION: SEQ ID NO:52: 

Leu Ser Leu Thr Cjs Ala V«l Tyr Gly Gly Ser Phe Ser Gly TV Tyr 
15 10 IS 

Tip Ser Tip He Arg Gin Fro Pro Gly Lys Gly Leu Glu Ttp He Giy 

20 25 30 

Gin ne Am His Ser Gly Ser Thr Asn Tyr Asn Pro Ser Leu Lys Ser 

35 40 45 

Arg Val Thr ne Ser Val Asp Thr Ser Lys Asn Gin Phc Ser Leu Lys 

SO 55 60 

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Aig 
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(2) INFORMATION FOR SEQ ID N0:S3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: UPamino acids 

(B) TYPE:ai 



(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL; NO 

(iv) ANTISENSE:NO 

(V) FRAGMENT TYPE: internal 
(vi) ORIGINAL SOURCE: 

Cxi) SEQUENCE DESCRIPnON: SEQ ID NO:53: 

Leu Ser Leu Thr Cys Ala Val Tjir Gly Ser Hie Ser Gly Tyr Tyr 
IS 10 IS 

Tip Ser Ttp ne Aig Gin Pro Pro Oly Lya Gly Leu Giu Tip lie Gly 

20 25 30 

Glu Us Aai Gin Ser Gly Ser Hit Asn Tyr Asn Fro Ser Leu Lys Ser 

35 40 45 

Arg Vil lie He Ser ne Aqi Thr Ser Lys Thr Gin Phe Ser Leu Lys 

SO 55 60 

Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys AU Arg 
65 70 75 80 

GIu Thr Pro His Ala Phe Asp ne Trp Gly Gin Gly Thr Met Val Thr 

85 90 95 

Val Ser Ser Ala Ssr Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro 

100 lOS 110 

Cys Ser Arg Ser Thr Ser Thr 
115 

(2) INFORMATION FOR SEQ ID NO:54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 20 amino adds 

(B) TYPE: amino aeid 



CD) TOPOLOGY: linear 

Cu) MOLECULE TYPE: pqMide 

Ciii) HYPOTHETICAL: NO 

Civ)ANtlSENSE:NO 

Cv) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

Cxi) SEQUENCE DESCRIPTION: SEQ ID NO:54: 

Leu Ser Leu Thr Cys Ala Val Tyr Gly Gly Ser Phe Ser Gly TyrTir 
15 10 15 

TVp TTir T^j Be Arg Gin Pro Pro Gly Lys Gly Leu Olu Tip Ve Gly 

20 25 30 

Qhi lie De His His Gly Asn Thr Asn Tyr Asn Pro Ser Leu Lys Ser 
35 40 45 
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Arg Val Ser He Ser V.1 Aq) Thr Ser Lys Am Gta Phe SerLeu Tir 

50 55 60 

Leu Scr Ser Val Thr Ala Ala Asp Thr AI« Val Tyr TjT Cys Ala Aig 
65 70 75 80 

Gly Gly Ala Val Ala Ala Phe A:^) Tyr T«p Gty Gin Oly Thr Leu Val 

85 90 95 

Thr Val Ser Sex Ala Scr Thr Lys Gfy Pro So- Val Phe Pro Leu Ala 

100 105 no 

Pro Cys Ser Arg Ser Thr Ser Tiff 
115 120 

(2) INFORMATION FOR SEQ ID N0:5S: 

CO SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 84 amiin acids 

(B) TYPE: miiiio acid 

(C) SITiANDEDNESS: aiiigle 

(D) TOPOLOGY: Hnear 

(ii) MOLECULE TYPE: pqitide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(V) FRAGMENT TYPE: intsmal 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:S5: 

Ser His His Leu Lys tie Scr Cys Lys Gly Ser Gly Tyr Ser Phe Thr 
15 10 15 

Ser Tyr Trp lie Gly Trp Val Arg Gin Met Pro Gly Lys Gly Leu Glu 

20 25 30 

Tip Mel Gly He He Tyr Pro Gly Asp Ser Asp Thr Arg Tyr Ser Pro 

35 40 45 

Ser Phe Oto Gly Gin Vol Thr lie Ser Ala Asp Lys Ser lie Ser Thr 

50 55 60 

Ala Tyr Leu Ghi Tip Ser Ser Leu Lys Ala Ser Asp Thr Ala Mel Tyr 
65 70 75 SO 

TyiCysAlaAig 



(2) INFORMATION FOR SEQ ID NO:56: 

CO SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 121 amino acids 

(C) STRANDEDNESS: smgle 
(P) TOPOLOGY: linear 

(ii) MOLECULE TYPE; peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(V) FRAGMENT TYPE: internal 
(vi) ORIGINAL SOURCE: 

()d) SEQUENCE DESCRIPTION: SEQ ID N0:S6: 
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Ser Leu Lya lie Ser Cys Ly» Oly Ser Gly T^r Scr Phe Thr Ser Tyr 
I 5 10 15 

Trp De Gly Tip Va. j-g Gin Mel Pro Gly Lys Gly Leu Olu Tip Met 

Gly He ne Tyr Pro Gly Asp Ser Thr Arg Tyr Ser Pro Ser Phe 

3S 40 45 

Gin Gly Gta Vol Thr He Ser Ala Asp Lys Ser He Ser nir Ak TVr 

50 55 60 

Leu Gin Tip Ser Ser Leu Lya Ala Ser Asp Thr Ale Mist Tyr Tw Cvs 
65 70 75 80 

Ala Arg Gin Asp Gly Asp Ser Phe Asp Tyr Tip Oly Gh Gly Tlir Leu 

Val Thr Val Ser Ser AI» Ser TirLys GlyPro Ser Val PhePm Leu 

100 105 no 

Ala Pro Cys Ser Arg Ser Thr Ser Tbr 
IIS 120 

(2) INFORMATION FOR SEQ ID NO:57: 

CO SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 83 amino acids 

(B) TYPE: amino acid 

(C) SnUNDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

M FRAGMENT TYPE: internal 
(vi) ORIGINAL SOURCE: 

Cxi) SEQLIENCE DESCRIPTION: SEQ ID NO:57: 

Arg Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser 
15 10 15 

Tyr Gly Met His Trp Xaa Arg GUi Ala Pro Gly Lys Gly Leu Glu Tro 

20 25 30 

Val Ala Val He Ser Tyr Aq> Gly Ser Asn Lys Tyr Tyr Ala Asp Ser 

35 40 45 

Val Lys Gly Arg Phe Thr lie Ser AiB Asp Asn Ser Lvs Asn Thr Leu 

50 SS 60 

Tyr Leu Gta Met Asn Ser Leu Aig Ala Glu Aap Thr Ala Val Tyr Tyr 
Cys Ala Arg 



C2) INFORMATION FC» SEQ ID NO:58; 

CO SEQUENCE CHARACTERISTICS; 
CA) LENGTH: 122 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(HO HYPOTHETICAL: NO 

(iv)AHTISENSE:NO 

(V) FRAOMEir' TYPE: intemal 

(vO ORIGINAL SOURCE: 

Od) SEQUENCE DESCRIPTION: SEQ ID NO:58: 

A;? Ser Leu Arg Leu Ser Cys Ale Ala Ser Gly Phe Thr Phc Ser Ser 
IS 10 IS 

Tyr Gly Mel His Tip Xai Arg Gin Ala Pro Gly Lys Gly Lcm Glu Tip 

20 25 30 

Val Ala Glu He Scr Tyr Asp Gly Ser Asn Lys ly Tyr Val Asp Ser 

35 40 45 

Val Lys Gly Arg Leu Thr Ik Ser Arg Asp Aaj Ser Lys Asn TTir Leu 

50 55 60 

Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr 
65 70 75 80 

Cys Ala Arg Asp Arg Leu Gly lie Phe Asp Tyr Tip Gly Gin Gly Thr 

85 90 95 

Leu Val Thr Val Ser Ser Ala S» Thr Lys Gly Pro Ser Val Phe Pro 

100 105 110 

Leu Ala Pro Cys Ser Aig Ser Thr Ser Thr 
US 120 

(2) INFORMATION FOR SEQ ID N0:S9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

Cii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(v) FRAGMENT TYPE: intemal 

(vi) ORIGINAL SOURCE: 

(sd) SEQUENCE DESCRIPTION: SEQ ID NO:59: 
Aig Thr Val Ala Ala Pro Ser Val Phe ne Phe Pro Pro Ser Asp Glu 



(2) INFORMATION FOR SEQ ID NO:60: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 75 amino acids 

(B) TYPE: amino add 

(C) STRANDEDNESS: single 

(D) TOPOL0GV: linear 

(ii) MOLECULE TYPE: pqjtide 
(m) HYPOTHETICAL: NO 
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(iv)ANTISENSE:NO 

(V) FRAGMENT TYPE: intenjal 

(vi) ORIGINAL SOURCE: 

<xi) SEQUENCEDESCaaPTION: SEQ ID NO:60: 

Tlir ne lb- Cys Gb Ala Ser CHn Aq) Be Ser Aai Tyr Leu Asn Dp 
'5 10 15 

Tyr Obi Qln Lys Pro Gly Lys Ala Pro Lys Leo Leu Db Tyr A^ Ala 

20 25 30 

Ss- Asn Leu Olu Thr Gly Val Pro Ser Aug Phe Ser Gly Ser G|y Ser 

35 40 45 

Qly Tlir Asp Phe Tlir Phe lb- ne Ser Ser Leu Gbi Pro Olu Aap lie 

SO 55 60 

Ab Tb Tyr Tyr Cya Gin Gta Asp Asu Leo Pro 
65 70 75 

C2) INFORMATION FOR SEQ ID N0:61 : 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 104 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(V) FRAGMENT TYPE: internal 
(vi) ORIGINAL SOURCE; 

(xi) SEQUENCE DESCRIPTION: SEQID N0:61: 

Tb He Tb Cya Ob Ala Ser Gb Asp He Ser Lys Phe Leu Ser Tip 
15 10 15 

Fhe Ob Gb Lys Pro Oly Lys Ala Pro Lys Leu Leu He Tyr Gly Tb 

20 25 30 

Ser Lea Glu Tb Gly Val Pro Ser Ser Phe Ser Gly Ser Gly Ser 

35 40 45 

Gly Tb Asp Phe Tb Leu Tb He Ser Ser Leu Gb Pro Glu Asp Val 

50 55 60 

Ab Tb Tyr File Cys Gh Gb Aiv Asp Leu Pro Tyr Tb Phe Gly Fro 
65 70 75 80 

Gly Tb Lys Val A^ He Lys Aig Tb Val Ala Ab Pro Ser Val Phe 

85 90 95 

He Phe Pro Fro Ser A^ Olu Oh 
100 

(2) INFORMATION FOR SEQ ID NO:62: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 104 amino adds 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE; peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTrSENSE:NO 

(v) FRAGMENT TYPE: inlemal 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO;62: 

Thr ne Thr Cys Gin Ala Ser Gin De Ser Ash Tyr Leu Asn Trp 
15 10 15 

TjT On Gill Lys Ala Gly Lys Ala Pro Lys Val Leu ne Tyr Ala Ala 

20 25 30 

Ser AsnLeu Glu Ala Gly Val Pro Ser ArgPhe SerOly Ser Gly Ser 

35 40 45 

Gly Thr Asp Phe Thr Phe Thr He Ser Ser Leu Gin Pro GIo Asp lie 

SO 55 60 

Ala Thr Tyr Tyr Cys His Gin Asp Asn Leu Pro Leu TJir Phe Gly Gly 
65 70 75 80 

Gly Thr Lys Val Glu He Lys Arg Thr Val Ala Ala Pro Ser Val Phe 

85 90 95 

He Phe Pro Pro Ser Asp Glu Gin 
100 

(2) INFORMATION FOR SEQ ID NO:63: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 74 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 
av)ANTISENSE:NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(») SEQUENCE DESCRIPTION; SEQ ID NO:63 : 

Tbr Cys Arg Ala Ser Ghi Ser lie Ser Ser Tyr Leu Asn Tip Tyr Gin 
IS 10 IS 

Gin Lys Fro GIv Lys Ala Fro Lyi Leu Leu ne Tyr Ala Ala Ser Ser 

20 25 30 

Leu Gin Ser Gly Val Pro Ser Arg Phe Ser Gly Set Gly Ser Gly Thr 

35 40 45 

Asp Phe Thr Leu Thr He Ser Ser Leu Gin Pro Ghi A^ Phe Ala Thr 

50 55 60 

Tyr Tyr Cys Ghi Gta Ser Tyr Ser Thr Pro 
65 70 

a) INFORMATION FOR SEQ ID NO:64: 

0) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 86 amiw acids 

(B) TYPE; amino acid 
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(C) STRANDEDNESS; single 

(D) TOPOLOGY: Unear 

(ii) MOLECULE TYPE: peptide 

(iu) HYPOTHETICAL: NO 

(iv)ANTISENSE:NO 

(V) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:64: 

Thr Cys Arg Ala Ser Gin Ser He Ser Am Tyr Leu Am Tip ly Oln 
15 10 15 

Gin Lya Pro Gly Lys AU Pro Lys Phe Leu ne TiT Gly Ala Set Sa 

20 25 30 

Leu fflu Ser Val Pro Ser Aig Phc Ser Gly Ser Gly Ser Oly Thr 

35 40 45 

Asp Fhe Tlir Leu Thr lie Ser Ser Leu Gin Pro Ghi Asp Phe Ala Ha- 

SO 55 60 

Tyr Tyr Cys Gin Clo Ser Tyr Ser Am Pro Leu Tbr Phe Gly Gly Gly 
65 70 75 80 

TlirLysValOluIIeLys 



(2) INFORMATION FOR SEQ ID NO:65: 
0) SEQUENCE CHARACTERISTICS: 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

Cii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(V) FRAGMENT TYPE: internal 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:65: 

Thr He Asa Cys Lys Ser Ser Gin Ser Val Leu Tyr Ser Ser Asn Asn 
15 10 15 

Lys Asn Tyr Leu Ala Tip Tyr Gin Oto Lvs Pro Gly Gh Pro Pro Lys 

20 25 30 

Leu Leu He Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val Pro Aqi Arg 

35 40 45 

Phe Ser Gly Ser Gly Ser G^ Thr Asp Phe Thr Leu Thr lie Ser Ser 

50 55 60 

Leu (an Ala Glu Asp Val AU ValTy Tyr Cys ran Gin Tyr Tyr Ser 
65 70 75 80 



(2) INFORMATION FOR SEQ ID NO:66: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 94 uraino aoids 

(B) TYPE: amino add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(V) FRAGMENT TYPE: iniemal 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:66: 

Thi lie Asn Cys Lys Ser Ser Gin Ser Val Leu Tyr Be Ser Aai Asn 
IS 10 IS 

Lya Asn Ty Leu Ala Tip Tyr Gin Gin Lys Pro Ofy On Ser Pro Lys 

20 25 30 

Len Lett He Tyr Trp Ala Ser Tlir Arg Lys Ser Gty Vil Pro Asp Arg 

35 40 45 

Phe Ser Cly Ser Gly Ser Gly Thr Asp Phe ThT Leu Tlu- De Ser Ser 

50 55 60 

Leu Oln Ala Olu A^ Val Ala Val Tyr Tyr Cys OIn Gin Tyr iy Asp 
65 70 75 80 

Thr Pro Phe Tlir Phe Gly Pro GIr Thr Lys Val Asp lie Lys 



(2) INFORMATION FOR SEQ ID NO:67: 

(i) SEQUENCE CHARACTERISTICS: 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(V) FRAGMENT TYPE: internal 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:67: 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Ais 
15 10 15 

Ser Thr Ser Thr 



(2) INFORMATION FOR SEQ ID NO:68: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 76 amino adds 

(B) TYPE: amino add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: pqitide 

(HO HYPOTHETICAL: NO 

(iv)ANTISENSE:NO 

(V) FRAGMENT TYPE: intoiwl 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:68: 

Val Ser Gly Gly Ser lie Ser Ser Gly Oly Tyr Tyr Tip Ser Ttp Be 
IS 10 IS 

Arg Gin Its Piu Gly Lys Oly Leu GIu Tip lb dy lyr He lyr Tyr 

20 25 30 

Ser Gly Ser Tfar Tyr Tyr Asn Fro Ser Leu Ijfs Ser Aig Val Tlir He 

35 40 45 

Ser Val Aap Tfar Ser Lys Am Gin Fhe Ser Leu Lys Leu Ser Ser Val 

50 55 60 

Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cya Ala Aig 
65 70 75 

(2) INFORMATION FOR SEQ ID NO:69: . 

Ci) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 118 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(V) FRAGMENT TYPE: internal 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO:69: 

Val Ser Gly Gly Ser lie Asa Ser Gly Asp T>r Tyr Tip Ser Tip lie 
1 5 10 15 

Arg Gin His Pro Gly Lys Gly Leu Asp Cys lie Gly Tyr ne Tyr Tyr 

20 25 30 

Ser Gly Ser Tbr Tyr Tyr Asn Pro Ser Leu Lys Ser Arg Val Thr ne 

35 40 45 

Ser Val Asp Thr Ser Lys Asn Gin Phe Phe Leu Lys Leu Tlir Ser Val 

50 55 60 

Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg Ser Thr Val Val 
63 70 75 80 

Asn Pro Gly Tip Phe Asp Pro Tip Gly Gin Oly Tvr Leu Val Tbr Val 

85 90 95 

Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys 

100 105 no 

Ser Arg Ser Thr Ser Tkr 
115 

(2) INFORMATION FOR SEQ ID NO:70: 
(i) SEQtffiNCE CHARACTERISTICS: 
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(A) LENGIH: 1 17 amino acids 

(B) TYPE: aniina acid 

(Q STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: pqitide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(v) FRAGMENT TYPE: intenial 

(vi) ORIGINAL SOURCE: 

(id) SEQUENCE DESCRIPTION: SEQ ID NO:70: 

Val Ser G^ Gly Ser Be Aan Ser Gly A^ Tyr Tyr Tip Ser Tip ne 
IS 10 IS 

Aig Gin Hs Pro Gly Lys Gly Leu Olu Tip Be Oly Ser lie Tyr T]T 

20 2S 30 

Ser G|y Asn Thr Pbe Tyr Asn Pro Ser Leu Lys Ser Arg Val Thr Be 

3S 40 4S 

Ser Leu Asp Thr Ser Lys Am Gin Phe Ser Leu Lys Leu S« Ser Val 

SO SS 60 

Thr Ale Ala Asp Thr Ala Val Cys Tyr Cys Ala Aij Asn Be Val Thr 
65 70 75 80 

Thr Gly Ata Phe Asp Be Tip Gly Gin Gly ThrMet Val Thr Val Ser 

85 90 95 

Ser Ala Ser Thr Lys Gly Pro Ser Val Hie Pro Leu Ala Pro Cya Ser 

100 105 110 

AigSerThrSer Th- 
us 

(2) INFORMATION FOR SEQ ID N0:7I : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1 16 mnino acids 



D) TOPOLOGY: lij 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTlSENSE:NO 

(V) FRAGMENT TYPE: internal 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7 1 : 

Val Ser Gly Gly Ser He Ser Ser Gly Asp Tyr Tyr Tip Tlir Tip Be 
15 10 15 

Arg Gin His Pro Gly Lys Gly Leu Ghi Tip lie Gly T>t Be Tyr Tyr 

20 25 3D 

Ser Gly Asn Thr Tyr Tyr Asn Pro Ser Leu Lys Ser Arg Val Ser Met 

35 40 45 

Ser He Asp Thr Ser Gin Asn Gin Phe Ser Leu Lys Leu Ser Set Val 

50 55 60 

Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ak Arg Lys Pro Val Thr 
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Qif Gly GIu Asp Trp Oly Gin Gly Thr Leu Val Thr Val Ser Ser 

85 90 95 

Ala Sa- Thr Lys Gly jTo Ser Val Phe Pro Leu Ala Pro Cys Ser Arg 

100 105 110 

Ser Thr Ser Thr 



(2) INFORMATION FOR SEQ ID NO:72: 

(i) SEQUENCE CHARACTERISUCS: 

(A) LENGTH: 76 mnino acids 

(B) TWE:iii • 



CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCEDESCRIPTION: SEQ ID NO:72: 

Val Ser Gly ffly Ser Val Ser Ser Gly Ser Tyr Tyr Trp Ser Trp He 
15 10 15 

Arg Gin Pro Fro Gly Lys Oly Leu Glu Tip lie Gly Tyr lie Tyr Tyr 

20 25 30 

Ser Gly Ser Thr Asn Tyr Asn Pro Ser Leu Lys Ser Aig Val Thr lie 

35 40 45 

Ser Val Asp Thr Ser Lys Asn Gin Phe Ser Leu Lys Leu Ser Ser Val 

50 55 60 

Thr Ala Ala Asp Thr Ala Val TvrTyrCys Ala Arg 
65 70 75 



(2) INFORMATION FOR SEQ ID NO:73: 

Ci) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 76 amino acids 

(B) TYPE: anuno acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii)M( 

(iu) HYPOTHETICAL: NO 

(iv) ANnSENSE:NO 

(v) FRAGMENT TYPE: intenul 

(vi) ORIGINAL SOURCE: 

Cxi) SEQUENCE DESCRIPTION: SEQIDNO:73: 
Val Ser Oly Oly Ser Val Ser Ser Gly Ser Tyr Tyr Tip Ser Tip Be 
Arg Ol^^ P«> Gly Lys Oly Leu Glu Trp lie Gly Tyr He Tyr Tyr 
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So- Gly Ser Thr Ash Tyr AsnPro SerLeuLys Ser Aig Val TlirBe 

35 40 45 

Ser Val Asp Thr Se- ' ,ys Aan C51n Phe Ser Leu Lys Leu Ser So- Val 

50 55 60 

Thr Ala Ala Asp thr Ala Val Tyr Tyr Cys AlE Arg 
65 70 75 

(2) INFORMATION FOR SEQ ID NO:74: 

(i) SEQUENCE CHARACTERISTICS: 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:74; 

Val Ser Gly Gly Ser Val Ser Ser Gly Asp Tyr Tyr Trp Ser Trp He 
15 10 15 

Arg Oln Pro Pro Gly Lys Gly Leu Glu Trp He Gly His Leu Tyr Tyr 

20 25 30 

Ser Gly Asn Thr Asn Tyr Asn Pro Ser Leu Lys Ser Aig Val Thr lie 

35 40 45 

Ser Leu Asp Thr Ser Lys Asn Gin Phe Ser Leu Lys Leu Ser Ser Val 

50 55 60 

Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg Asp Phe Leu Thr 
65 70 75 80 

Gly Ser Phe Phe Asp Tyr Tip Gly Gin Glv Thr Leu Val Thr Val Ser 

85 90 95 

Ser Ala Ser Thr Lvs Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser 

ICO 105 no 

Arg Ser Thr Ser Thr 
115 

(2) INFORMATION FOR SEQ ID N0:7S: 
(i) SEQUENCE CHARACTERISTICS: 



(ii) MOLECULE TYPE: peptide 

OH) HYPOTHETICAL: NO 

(iv)ANTISENSE:NO 

(V) FRAGMENT TYPE: intonal 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRDTION: SEQ ID N0:7S: 
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Arg lb Val Ala Ala FK) Ser VbI Fhe ne Fhe Fro Pro Ser Asp Qlu 



(2) INFORMATION FOR SEQ ID NO:76: 

(1) SEQUENCE Cf 

(B) TYPE: an 

(C) STRAND 
CD) TOPOLOGY: Ih 

(ii) MOLECUIE TYPE: pqdide 

(in) HYPOTHETICAL: NO 

riv)ANTISENSE:NO 

(V) FRAGMENT TYPE: intetnal 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:76: 

ThrDeThrCysGlnAia S<!rGtaAspneSer/>^TjrLeuAsoTip 
15 10 15 

T/t Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu He Tyr Asp Ala 

20 25 30 

Ser Asn Leu Glu Thr Gly Vol Pro Ser Aig Fhe Ser Gly So- (Hy Ser 

35 40 45 

Gly Thr Asp Phe Thr Pbe Thr lie Scr Ser Leu Gin Pro Glu Asp lie 

50 55 60 

Ala Thr Tyr T)T Cys Gin Ghi A^ Asn Leu Pro 

(2) INFORMATION FOR SEQ ID NO:77: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 104 amino acids 
^) TYPE: amino acid 



(D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTlSENSE:NO 

(V) FRAGMENT TYPE: internal 
(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:77: 

Thr ne Thr Cys Gin Ala Ser Ghi Asp lie Asn Asn Tyr Leu Asn Trp 
15 10 15 

Phe Gin Gh Lys Pro Oly Lys Ala Pro Lys Val Leu lie His Asp Ala 

20 25 30 

Ser Asn Leu Ghi Thr Gly Oly Pro Ser Arg Pbe Ser Gly Scr Gly Ser 

35 40 45 

Gfy Thr Asp Phe Thr Phe Thr lie Ser Oly Lea Ohi Pro (Hu Asp He 
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50 55 60 

Ala Thr Tyr Tyr Cys Gin Ghi Glu Sw Leu Pro Leu Thr Pbe Gly Gly 
65 70 75 80 

Gly Thr Lys Val Glu lie Lys Arg Thr Val Ala Ala Pro Ser Val Phe 

85 90 95 

De Pbe Pro Pro So- Asp Glu Gin 
100 

(2) INFORMATION FOR SEQ ID NO:78: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 104 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: sisgle 

(D) TOPOLOGY: lineu- 

Cu) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE:NO 

(v) FRAGMENT TYPE: imemal 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:78: 

Thr He Thr Cys Ghi Ala Ser Ghi Asp He Thr He Tvr Leu Asn Tip 
IS 10 15 ■ 

Tyr Gin Gto Lys Pro Gly Lys Ala Pro Lys Leu Leu lie Asn Asp Ala 

20 25 30 

Ser Ser Leu Glu Thr Gly Val Pro Leu Arg Phe Ser Gly Ser Gfy Ser 

35 40 45 

Gly Thr Asp Phe Thr Phe Thr He Ser Ser Uu Gin Pro Ghi Aap ne 

50 55 60 

Ala Thr Tyr Tyr Cys Gin Obi Asp His Leu Pro Leu Thr Phe Gly Gly 
65 70 75 80 

Gly Thr Lys Val Ala lie Lys Arg Thr Val Ala Ahi Pro Ser Val Phe 

85 90 95 

lie Phe Pro Pro Ser Asp Glu Oh> 
100 

(2) INFORMATION FOR SEQ ID NO:79: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 104 amino acids 

(B) TYPE: amino acid 



(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptid 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(V) FRAGMENT TYPE: intern 
(vi) ORIGINAL SOURCE: 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:79: 
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Thr He Thr Cys Ota Ala Ser Gta De Ser Ash TjT Leu Asn Tip 
15 10 15 

TjT Gin Gin Lys Pro Gly Lys Ala Pro Lys Lm Leu lie Tyr Asp Ala 

20 25 30 

Ser Asn Leu Glu Thr Gly Val Pro Ser Aig Phe Ser Gly Ser Gly Ser 

35 40 45 

Gly Thr Asp Phe Thr Phe Thr lie Ser Ser Leu Gin Pro Glu Asp Val 

50 55 60 

Gly Thr Tyr Tyr Val Ghi Ghi Glu Ser Leu Pro Cys Oly Phe Gly Gin 
65 70 75 80 

Gly Hir Lys Leu Glu He Lys Arg Thr Val Ala Ala Pro Ser Val Phe 

85 90 95 

lie Phe Pro Pro Ser A^ Ghi Gin 



(2) INFORMATION FOR SEQ ID N0«): 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 104 amino adds 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(ia) HYPOTHETICAL: NO 
Civ)ANTISENSE:NO 

(v) FRAGMENT TYPE: inlemal 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO SO 

Thr ne Thr Cys Gin Ala Ser Ota Asp ne Ser Asn Tyr Leu Asn Trp 
IS 10 15 

Tyr Gin Ota Lvs Pro Oly Lys Ala Pro Lys Leu Leu lie Asn Asp Ala 

20 25 30 

Ser Asp Leu Glu Thr GIv Val Pro Ser Aig lie Ser Gly Ser Gly Ser 

35 40 45 

Gly Thr Asp Phe Thr Phe Thr lie Str Asn Leu Ghi Pro Glu Asp Ue 

50 55 60 

Ala Thr TJr Tyr Cys Gbi Ghi Asp Ser Leu Pro Leu Thr Phe Oly Oly 
65 70 75 80 

Gfy Thr Lys Val Glu ne Arg Arg Thr Val Ala Ala Pro Ser Val Phe 

85 90 95 

He Phe Pro Pro Ser Asp Glu Ghi 
100 
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WHATISCMIMEPIS: 

1. A transgenic non-human mammal having a genome, the genome comprising 
modifications, the modifications comprising: 

an inactivated endogenous immunoglobulin (Ig) locus, such that the mammal would 
not display noimal B-cell development; 

an inserted human heavy chain Ig locus in substantially getmline configuration, Ae 
human heavy chain Ig locus comprising a human mu constant t^on and regulatory and 
switch sequences thereto, a plurality of human genes, a phitaHty of human Dh genes, and 
a plurality of human Vh genes; and 

an inserted human kappa light chain Ig locus in substantially germline configuration, 
the human kappa tight chain Ig locus comprising a human kappa constant region, a phirality 
of Jk genes, and a phirality of Vk genes, 

wherein the number of Vg and Vk genes inserted are selected to substantially restore normal 
B-cell development in the mammal. 

2. The mammal of Claun 1, wherein the heavy chain Ig locus comprises a second 
constant region selected fiom the group conastuig of human gamma- 1, human gamma-2, human 
gamma-3, human gamma-4, alpha, epsilon, and delta. 

3 . The mammal of Claim 1 , wherein the number of Vh genes is greater than about 20. 

4. The mammal of Qaim 1, wherein the number of Vk genes is greater than about 13. 

5. The mammal of Claim 1, wherein the number of genes is greater than about 2S, 
the number of J„genes is greater than about 4, the number of V„ genes is greater than about 20, die 
number of Jk genes is greater than about 4, and the number of Vk genes is greater than about 15. 

6. The mammal of Claim 1, wherein the number of genes, the number of Jh genes, 
the number of Vg genes, the number of Jk genes, and the number of Vk genes are selected such that 
the Ig loci are ce^nble of encoding greater than about I x ID' different fimctional antibody sequence 
combinatioiui. 

7. The mammal of Claun 1, whereon ma population of mammals B-ceUfifflction is 
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reconstituted on average to greater than about 50% as compared to wild type. 

8 . In a transgenic non-human mamma] having a genome that comprises m 
the modifications rendering the mammal capable of producing human immunoglobulin nnlecules but 
substantially incapable of producmg functional endogenous antibody molecules, tt 



insertion into the genome of the mammal of suffident human V„ Dh, Jh, Vk, and Jk 
genes such that the mammal is capable encoding greater than about 1 x 10° different 



diversity or somatic mutation events. 

9. In a transgenic non-human mammal havmg a genome that comprises modifications, 
the modifications rendering the mammal enable of pTodudng human immunoglobulin molecules but 
substantially incapable of producing functional endogenous antibody molecules, which modifications, 
with respect to the mammal's incapacity to produce fimctianal endogenous antibody molecules would 
not allow the mammal to display normal B-cell development, the improvement comprising: 

msertion into the genome of the mammal of sufficient human Vi^ Dh> Jr, Vk, and Jk 
genes such that the mammal is capable of encoding greater than about 1 x lO' difiEerent 
functional human immunoglobulin sequence combinations and su£Bdent V„ and Vk genes to 
substantially restore normal B-cell development m the mammal. 

10. In the mammal of Claim 9, wherein in a population of mamnuds B-cell function is 
reconstituted on average to greater than about 50% as compared to wild type. 

11. A transgenic non-human mammal having a genome, the genome comprising 



an inactivated endogenous heavy chain inrnnmoglobuUn (Ig) locus; 
an inactivated endogenous kappa light chain Ig locus; 

an inserted human heavy chain Ig locus, the human heavy chain Ig locus comprising 
a nudeotide sequence substantially corresponding to the nudeotide sequence of yH2; and 

an mserted human kappa light chain Ig locus, the human kappa light chain Ig locus 
contprisii^ a nudeotide sequence substantially corresponding to the nucleotide sequence of 
yK2. 



r 



IS heavy chain imniunoglobulm (Ig) locus; 



an inserted human heavy chain Ig locus, the human heavy chain Ig locus compiiang 
a nucleotide sequence substantially correspondmg to the nucleotide sequence of yH2; and 
an inserted human kqjpa light chain Ig locus, the human kappa light chain Ig locus 



yK2. 

13. A transgerac non-human manunal having a graiome, the genome comprismg 
modifications, the modifications comprismg: 

an inactivated endogenous heavy chain hnmunoglobulin (Ig) locus; 
an inactivated endogenous kappa light chain Ig locus; 

an inserted human heavy cham Ig locus, the human heavy cham Ig locus comprisug 
a nucleotide sequence substantially corresponding to the nucleotide sequence of yH2 without 
the presence of a human gamma-2 constant region; and 

an inserted human kappa lig^t chain Ig locus, the human kappa light cham Ig locus 
comprising a nucleotide sequence substamially corresponding to the nucleotide sequence of 
yK2. 

14. A transgenic n 
the modification! 

an inactivated endogenous heavy chain immunoglobulin (Ig) locus; 
an inactivated endogenous kappa light chain Ig locus; 

an inserted human heavy chain Ig locus, the human heavy chain Ig locus comprismg 
a nucleotide sequence substantially corresponding to the nucleotide sequence of yH2 without 
the presence of a human gamina-2 constant r^on; and 

an mserted human kqjpa Ught chun Ig locus, the human kappa light chain Ig locus 
compiling a imdeodde sequence substantially corresponding to the nucleotide sequence of 
yK2. 

15. A transgenic non-human mammal having a genome, the genome compriang 
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modifications, the modifications comprising: 

an inacti- ited endogenous heavy cliain immunoglobulin (Ig) locus; 

an inserted human heavy chain Ig locus, the human heavy chain Ig locus oomptisfag 
a nucleotide sequence substantially corresponding to the nucleotide sequence of yH2 without 
the presence of a human gainnia-2 constant region; and 

an inserted human kappa light chain Ig locus, the human kappa Kgfat chain Ig locus 
comprisiqg a nucleotide sequence substantially conrespondmg to the nucleotide sequence of 
yK2. 

16. A method for the production of human antibodies, comprismg: 
inoculating a manunal of any one of Clanns 1-10 with an antigen; 

collecting and immortalizing lymphocytic cells to obtain unmoital cell Imes secretintg 
human antibodies that specifically bind to the antigen with an afiSnity of greater than lO" M"'; 
and 

isolating the antibodies fix>m the immortal cell lines. 

17. The method of Chum 1 1, wherem the antigen is IL-8. 

1 8. The method of Qaim 1 1 , wherein the antigen is EGFR. 

19. The method ofClaim 11, wherein the antigen is TNF-a. 

20. An antibody produced by the method of Claim 1 1 , 

21. An anti-IL-8 antibody produced by the method of Claim 12. 

22. An anti-EGFR antibody produced by the method of Claim 13. 

23. An anti-TNF-a antibody produced by the method of Clahn 14. 

24. In a method for the production of transgenic mice, the transgenic mice having a 
genome, the genome compriang modifications, the modifications compriring insertion of a plurality 
of human variable regions, the hnprovement comprismg: 

mserfion of the htunan variable regions fiom a yeast artifidal chrotnosome. 

25. Transgenic mice and transgenic ofispring thervfi-om produced through use of the 
hnprovement of Claim 19. 

26. In a transgemc mammal, the transgenic mammal conqjrismg a genome, the genome 
compiiang modifications, the modifications comprismg an inserted human heavy chain 
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lent compnsii^: 

selected sets of human variable region genes that fTiable 
human-Hke compianientarity determining region 3 (CDR3) 
lengths. 

27. In the improvement of Clam 26, wherein the hnna&-lifce junctional diveisity comprises 
average N-addition lengths of 7.7 bases. 

28. In the improvement of Claim 26, wherein the human-like CDR3 lengths comprise 
between about 2 through about 2S residues with an average of about 14. 
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FIGURES 




FIGURE 4 
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